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[bookmark: _Ref409106980]Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IoT) was approved, see [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. At RAN#70, a revised work item description was approved, see [2].
NB-IOT should support 3 different modes of operation: 
1.	“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
2.	“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 
3.	“In-band operation” utilizing resource blocks within a normal LTE carrier
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. Furthermore according to [2], NB-IoT downlink is based on OFDMA using 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP).
Furthermore according to [2], NB-IOT should have a single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals.
A number of different contributions addressing the synchronization channel design for NB-IOT have been described (see [3]-[11]). Based on the different designs proposed, there are two alternatives to designing the primary synchronization signal (NB-PSS). In both the options, the NB-PSS spans several OFDM symbols and is repeated at regular intervals. In one option, the NB-PSS is composed of a single long sequence (see  [4], [5], [6], [8], [9], [11] ), and in the other option, the NB-PSS consists of a short sequence spanning only one OFDM symbol, with a suitable cover code applied to it over multiple OFDM symbols (see [3], [7], [10]). In this contribution, we present the synchronization signal structure using the design principles of [4]. The evaluation results are provided in a companion contribution [12].
Background
Essential functions of a cell search procedure are to detect a suitable cell to camp on, and for that cell, obtain the symbol timing and synchronize to the carrier frequency. When synchronizing to the carrier frequency, the mobile station needs to correct any erroneous frequency offsets that are present, and perform symbol timing alignment with the frame structure from the base station. In addition, in the presence of multiple cells, the mobile station needs to distinguish a particular cell on the basis of a cell ID. Thus, a typical cell search procedure consists of determining the timing alignment, correcting the frequency offset, obtaining the correct cell ID, and the absolute frame number reference.
In this contribution, we use the design principles of [4]. The cell search procedure uses two signals, i.e., the Primary Synchronization Signal (NB-PSS) and the Secondary Synchronization Signal (NB-SSS). NB-PSS is used for signal detection, initial symbol-level time synchronization and CFO (Carrier Frequency Offset) estimation. In [13], a 100 kHz channel raster is proposed for NB-IoT signal. If the position of the NB-IoT PRB is optimized for the in-band and guard-band operations so that the carrier frequency of NB-IoT is close to a multiple of 100 kHz, there is a minimum of +/- 2.5 kHz or +/-7.5 kHz frequency offset between the NB-IoT carrier frequency and the 100 kHz grid. During the initial cell search phase, these raster offsets appear as an additional carrier frequency offset and would be taken into account during NB-PSS detection. As a result of this, the true frequency offset is either overcompensated or undercompensated by NB-PSS. Since the number of such raster frequency offsets is limited to a small set, a simple hypothesis testing approach may be used during NB-SSS detection to get good performance. Therefore, NB-SSS is used for frame level synchronization and cell identification. In the following, we describe the NB-PSS/NB-SSS structure.
Structure of NB-PSS and NB-SSS
The NB-PSS consists of two Zadoff-Chu (ZC) sequences NB-PSS1 and NB-PSS2. NB-PSS1 is generated based on a -length ZC sequence with root index 1, while NB-PSS2 is based on the complex conjugate of NB-PSS1



The sequences, NB-PSS1 and NB-PSS2 are fed to the PSS generator shown in Figure 1. Specifically, , and the 13th, 26th, 51st, 64th, 77th, 90th, 103rd, 116th and 141st symbols are removed to make the NB-PSS span 11 OFDM symbols.
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[bookmark: _Ref434409166]Figure 1: NB-PSS Generator
Proposal 1: NB-PSS consists of two long sequences, i.e., NB-PSS1 and NB-PSS2.
Proposal 2: NB-PSS1 and NB-PSS2 are derived from Zad-off Chu sequences. NB-PSS2 is the complex conjugate of NB-PSS1. The exact length of the sequence is FFS.
Swapping the positions of the two NB-PSS can be used to convey 1-bit information. This may be used as an early indication of distinguishing standalone operation from the in-band/guard-band operation. As a result, the number of different hypotheses to be used during SSS detection in order to achieve reliable performance can be reduced. This would give a benefit in terms of complexity reduction.
Proposal 3: The positions of NB-PSS1 and NB-PSS2 can be swapped to provide an early indication of the operation mode.
We consider two different repetition intervals for the NB-PSS, which we refer to as different density options for the NB-PSS. The different density options considered are to enable good synchronization performance in in-band deployment mode for users in extreme coverage, for example, when NB-IoT is deployed within a 20 MHz LTE carrier. In the lower density option, the NB-PSS signal is transmitted 4 times every 80ms and occupies the odd numbered frames (the duration of a frame is 10 ms) within the 80ms block (i.e. the frames 1, 3, 5 and 7). In the higher density option, the NB-PSS signal is transmitted in every frame. The NB-PSS is mapped to sub-frames 4 and 5 within the frame in which it appears. Similar to the NB-PSS, different density options are also considered for the NB-SSS. The NB-SSS signal is transmitted in the last sub-frame of frames 3 and 7 within the 80 ms block in the lower density option. In the higher density option, the NB-SSS occupies the last sub-frame of every odd numbered frame. The NB-PSS in each assigned sub-frame span the last 11 OFDM symbols, while the NB-SSS span the last 9 OFDM symbols. The reason for using less OFDM symbols for NB-SSS is to enable support for extended cyclic prefix. Using 11 OFDM symbols for NB-SSS would require puncturing 2 symbols for NB-SSS in extended cyclic prefix, which may affect performance. This avoids collision with legacy LTE control channel (PDCCH). The resource elements for LTE CRS are punctured. The resource mapping is shown in Figure 2.
Proposal 4: Both NB-PSS1 and NB-PSS2 span 11 OFDM symbols in a sub-frame.
Proposal 5: A higher density option is supported for NB-PSS and NB-SSS.
Proposal 6: NB-SSS consists of 9 OFDM symbols in a sub-frame.
Proposal 7: In FDD operation, NB-PSS is present in sub-frames 4 and 5, and NB-SSS is located in sub-frame 9.
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[bookmark: _Ref436830995]Figure 2: Resource Mapping for the NB-PSS/NB-SSS. The left side shows the resource mapping for the lower density option and the right side shows the same for higher density option.

The NB-SSS design consists of a single Zadoff-Chu (ZC) sequence superimposed with a scrambling sequence. The Zadoff-Chu sequence is used to obtain the physical cell ID, and the scrambling sequence is used to obtain the frame timing within 80 ms. The NB-SSS signal generator is shown in Figure 3 .
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[bookmark: _Ref441751963]Figure 3: NB-SSS Generator
Specifically, the NB-SSS is given as , where  denotes the cell identity and  determines the location of the NB-SSS, i.e., the number of M-SSS in the 80 ms block that have occurred before the current NB-SSS. We have

and




The operation denotes the modulo operation such that . The length  is chosen to be prime in order to enable support for upto  different sequences which have good cross correlation properties. We choose , which is a prime number. The combination of the root and cyclic shift  is sufficient to encode the physical cell ID . 
 is the scrambling sequence composed of cyclic shifts of a base sequence  and is used to indicate the NB-SSS location within 80 ms in order to obtain the correct timing. The cyclic shift  is dependent on . For the lower density SSS which occurs 2 times within a sub-frame, the cyclic shifts used for the scrambling sequences used are . 
Proposal 8: NB-SSS is used to provide the frame timing within 80 ms.
Proposal 9: NB-SSS uses a hierarchical design, consisting of a base sequence to indicate the cell ID and a scrambling code on top to indicate the position within the 80 ms.
Proposal 10: Zad-off Chu sequences are used as the base sequence for NB-SSS, and binary sequences are used for the scrambling code.
[bookmark: _GoBack]Conclusions
In this contribution, we provide the design of synchronization signals to be used in NB-IoT. An evaluation of the design is provided in [12], along with comparisons with other synchronization signal designs. The proposals for synchronization signal design are listed below.
Proposal 1: NB-PSS consists of two sequences, i.e., NB-PSS1 and NB-PSS2.
Proposal 2: NB-PSS1 and NB-PSS2 are derived from Zad-off Chu sequences. NB-PSS2 is the complex conjugate of NB-PSS1. The exact length of the sequence is FFS.
Proposal 3: The positions of NB-PSS1 and NB-PSS2 can be swapped to provide an early indication of the operation mode.
Proposal 4: Both NB-PSS1 and NB-PSS2 span 11 OFDM symbols in a sub-frame.
Proposal 5: A higher density option is supported for NB-PSS and NB-SSS.
Proposal 6: NB-SSS consists of 9 OFDM symbols in a sub-frame.
Proposal 7: In FDD operation, NB-PSS is present in sub-frames 4 and 5, and NB-SSS is located in sub-frame 9.
Proposal 8: NB-SSS is used to provide the frame timing within 80 ms.
Proposal 9: NB-SSS uses a hierarchical design, consisting of a base sequence to indicate the cell ID and a scrambling code on top to indicate the position within the 80 ms.
Proposal 10: Zad-off Chu sequences are used as the base sequence for NB-SSS, and binary sequences are used for the scrambling code.
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