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Introduction
In RAN1#82bis meeting, there were agreements on synchronization signal design for NB-IoT as followings [1]: 
· Design of synchronization signal should consider the UE power consumption, UE complexity, resource overhead, and performance, and impact to the false detection of legacy devices
· Synchronization signal should not utilize the legacy control region
· FFS: size of the legacy control region

· The synchronization signals of NB-IoT consist of primary synchronization signal (PSS) and secondary synchronization signal (SSS). 
· NB-IoT PSS/SSS do not use at least:
· the LTE PDCCH control region 
· FFS: number of symbols of the control region
· REs used by LTE CRS
· The following mechanisms may be considered: 
· NB-IoT PSS/SSS are punctured by LTE CRS 
· Other mechanisms (including, for example, not using OFDM symbols used by LTE CRS, or transmitting the NB-IoT PSS/SSS in LTE MBSFN subframes) are not precluded
· NB-IoT PSS/SSS design should consider different CP lengths (e.g. normal CP and extended CP) if supported 
· FFS whether cell ID information is carried by NB-IoT PSS. 
· If not, then NB-IoT physical cell ID is indicated by NB-IoT SSS 
· FFS whether the operation mode (i.e. some or all of standalone / guard-band / in-band) needs to be indicated somehow.
· FFS whether/how FDD/TDD needs to be indicated. 

In this contribution, we show synchronization signal design for NB-IoT.

Synchronization signal
2.1      Synchronization signal transmission
 In our design, synchronization signal is transmitted in every 10 ms. For example, PSS may be transmitted in subframe #4 and SSS in subframe #9 to avoid collision with MBSFN subframe. On the other hand, we can consider synchronization signal transmission in MBSFN subframe. 
If the synchronization signal would collide with legacy CRS, we assume that legacy CRS will puncture the synchronization signal of NB-IoT. 
If the synchronization signal would collide with legacy CSI-RS, it needs further study. 
2.2 	Primary synchronization signal (PSS)
Main functionality of PSS is to obtain the timing information of the received signal and estimation of CFO. The computation complexity may come from correlation operation between received PSS signal and known PSS candidate. In addition, if CP length should be done during PSS detection process, the computational complexity will be increased. Hence, it is desirable to reduce computational complexity in PSS detection process. Assuming complex sequence of PSS, complex multiplication will be required for correlation operation. If we use binary or quaternary sequence rather than complex sequence, complex multiplication can be replaced with much less complex addition. One example of a pair of binary/quaternary PSS sequence may be complementary Golay sequence (CGS). Figure 1 shows an example of PSS design adopting CGS. 
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Figure 1 PSS transmission scheme.

If {a(n)} and {b(n)}(n=1,…, 12) are a pair of CGS of length 12, a(n) or b(n) will be assigned to OFDM symbols and the cover sequence will be applied to each OFDM symbol. Assuming 11 OFDM symbols for PSS, {a(n)}, {b(n)} {a(n)}, {b(n)}, {b(n)}, {a(n)}, {b(n)}, {a(n)}, {b(n)}, {a(n)}, and  {a(n)} are assigned to OFDM symbols, respectively, and then length-11 cover sequence {c(n)}= {1, 1, 1, -1, 1, 1, 1, -1, 1, 1, 1} is applied to each OFDM symbol where {a(n)} ={1, 1, 1, 1, -1, -1, -1, 1, j, -j, -1, 1} and {b(n)}={ 1, 1, j, j, 1, 1, -1, 1, 1, -1, 1, -1}. For complexity reduction, we assume that no physical cell id (PCI) information is delivered in PSS. 

2.3 	Secondary synchronization signal (SSS)
With SSS, PCI and other information (e.g., subframe location) should be detected. Assuming 504 PCI and 8 subframe location for SSS transmission, total 4032 hypotheses will be required to discriminate them.  Similar to PSS design, binary sequence for SSS may be beneficial in terms of complexity reduction compared with a complex sequence. Figure 2 shows an example of SSS design. 
As can be seen in Figure 2, this SSS transmission structure is similar to that of LTE. K binary sequences and scrambling sequences are generated, and then those sequences are multiplied in element-wise manner. The sequence {gk(n)} may be dependent on the PCI and subframe location, and scrambling sequence {sk(n)} is dependent on the PCI. Assuming K=2, the sequence length to deliver the required information (e.g., 4032) may be 64. One possible examples of {gk(n)}and {sk(n)}are length 64 Hadamard sequence and modified m-sequence, respectively. The combination of row/column index of length-64 Hadamard sequence can indicate PCI and subframe location (e.g., 64*64=4096 > 4032). Length-64 m-sequence can be generated based on length-63 m-sequence by adding one ‘0’. Since Hadamard sequence is orthogonal to each other, the zero cross correlation will show good detection performance in hypothesis of different subframe location in the same PCI.
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Figure 2 SSS transmission scheme.

2.3 	Secondary synchronization signal (SSS)
     In this section, we show the evaluation results on the synchronization performance. The simulation assumptions are summarized in Table 1. 
Table 1 Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	900 MHz

	Channel Model
	TU1 

	Subcarrier Spacing
	15 kHz

	BS transmit power
	Standalone : 43 dBm

	Target MCL value
	144 dB, 154 dB, 164 dB

	Antenna Configuration
	Standalone : 1 Tx, 1 Rx

	Timing offset
	Uniformly distributed in [-0.5 ms, 0.5 ms]

	Frequency Offset
	Randomly selected value from [-18 KHz, 18 KHz]

	Detection threshold value
	False alarm probability of 0.1 % when only AWGN exists



     The cell detection probability over a single cell scenario according to the target MCL values are shown in Table 2. We assume that single PSS subframe and SSS subframe are used to detect the PCI. The detection probability in Table 2 is defined to be the probability to detect the desired PCI for the first detection trial. The statistics for cell acquisition time is shown in Figure 3.  



Table 2 Cell detection probability in single cell scenario
		　
	Detection Probability
	False Alarm Probability

	144dB MCL
	0.9998
	0

	154dB MCL
	0.9864
	0

	164dB MCL
	0.7638
	0
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[bookmark: _GoBack]Figure 3 The required time for the PCI detection
3 Conclusions
We discuss synchronization signal design for NB-IoT:
· Binary/quaternary PSS/SSS is proposed to reduce computational complexity
· PSS sequence based on a pair of CGS with cover sequence in each OFDM symbol
· SSS sequence based on binary orthogonal sequence scrambled with binary m-sequence
· No PCI information in PSS and PCI and other information in SSS
· Detection probability and statistics for cell acquisition time are shown
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