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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.
The agreements on the NB-SSS design according to the latest RAN meeting are summarized below [3]:
1. NB-SSS is transmitted in subframe 9 
2. Number of symbols for NB-SSS: 11
3. NB-SSS base sequence is constructed from one or more ZC sequences
a. Length FFS
4. FFS whether multiple root sequences are used or a binary scrambling code
In this contribution, we propose the design of sequences that would be used for NB-SSS.
Structure of NB-SSS
The NB-SSS is transmitted in subframe 9 with a periodicity of 20 ms as shown in Figure 1.
[image: ]
[bookmark: _Ref447186572]Figure 1: Frame structure for NB-PSS and NB-SSS.
From the figure, the NB-SSS is transmitted in every odd numbered frame, where we assume that a frame is composed of 10 subframes.
Proposal 1: NB-SSS is transmitted with a periodicity of 20 ms.
In order to reduce the number of blind decoding attempts for the NB-PBCH, the NB-SSS can be used to provide the frame timing within a certain multiple of 20 ms. In order to have reasonable complexity for NB-PBCH decoding, we propose to use the NB-SSS to provide the timing within 80 ms.
Proposal 2: NB-SSS is used to provide the frame timing within 80 ms.
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. 
Proposal 3: 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 4: Zad-off Chu sequences are used as the base sequence for NB-SSS, and binary sequences derived from m-sequences are used for the scrambling code.
The NB-SSS signal generator is shown in Figure 2.
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[bookmark: _Ref441751963]Figure 2: 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 NB-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  should be prime in order to enable support for upto  different sequences which have good cross correlation properties. It should also satisfy the condition that ( should be close to a power of 2 in order to enable the design of suitable m-sequences that can be used as scrambling sequences. We choose , which is a prime number, and . The combination of the root and cyclic shift  is sufficient to encode the physical cell ID . An example mapping is given as
 
 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 . 
Proposal 5: NB-SSS is generated in the frequency domain and is of length-127.
Conclusions
In this contribution, we provide the design of secondary synchronization signal (NB-SSS) to be used in NB-IoT. The proposals for NB-SSS design are listed below.
Proposal 1: NB-SSS is transmitted with a periodicity of 20 ms.
Proposal 2: NB-SSS is used to provide the frame timing within 80 ms.
Proposal 3: 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 4: Zad-off Chu sequences are used as the base sequence for NB-SSS, and binary sequences are used for the scrambling code.
Proposal 5: NB-SSS is generated in the frequency domain and is of length-127.
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