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1 Introduction
At RAN WG1 Meeting #84 [1] and NB-IOT RAN WG1 Adhoc meeting [2], a number of agreements were made on the Synchronization Signal design. 
Agreements
· The periodicity of NB-PSS transmission is 10ms.
· The sequence for NB-PSS is generated at each OFDM symbol
· Length-11 Zadoff-Chu Sequence in frequency domain is used for sequence generation for each OFDM symbol and 11 REs are used per OFDM symbol.
· The 11 root sequence indices are FFS.
· NB-PSS is transmitted in subframe 5
· NB-SSS is transmitted in subframe 9 
· Number of symbols for NB-SSS: 11
· NB-SSS base sequence is constructed from one or more ZC sequences
· Length FFS
· FFS whether multiple root sequences are used or a binary scrambling code
· One transmission of NB-PSS, NB-SSS, NB-PBCH, and NB-PDSCH never overlaps between multiple LTE PRB bandwidths for in-band operation
· The number of subcarriers for NB-SSS is 12
· NB-PSS uses the last 11 OFDM symbols of subframes in which NB-PSS occurs for normal CP
· NB-SSS uses the last [11] or [9] OFDM symbols of subframes  in which NB-SSS occurs for normal CP
In this contribution, we present a short sequence based NB-PSS design, which we also presented in [3] and [4]. Note that the NB-SSS design is discussed in our companion contribution in [5]. We discuss the receiver processing algorithms and their complexity in [6]. The performance evaluations for different NB-PSS and NB-SSS designs are discussed in [7].
2 NB-PSS Sequence Generation
Like in LTE, the NB-Primary synchronization signal (NB-PSS) is used by the NB-IOT UE to perform timing synchronization and also estimate the frequency offset. Unlike LTE, no information about the cell ID is carried by the NB-PSS. Generating the ZC sequence in the frequency domain helps maintain the good CAZAC sequence properties. In this proposal, each NB-PSS symbol is generated independently and comprises of a short ZC sequences of root  and length . This is to ensure good time and frequency domain properties of the chosen sequence. The NB-PSS sequence spans  symbols. A ZC sequence of root  is given by


Each OFDM symbol (except the last one) carries a sequence corresponding to a unique root index. For NPSS (=11) symbols in a subframe used for NB-PSS transmission, the root index corresponding to the i-th symbol () is given by . The root indices used for the 11 symbols are (1, 10, 2, 9, 3, 8, 4, 7, 5, 6, 5) as shown in Fig. 1. The complex conjugate by pairwise root indices offer efficient correlator (to save the complexity) [6], where the correlation output for a sequence can be readily obtained from the correlation output of the corresponding conjugate sequence. By generating a ZC sequence in each symbol, the excellent properties of CAZAC sequences are retained, i.e., good auto/cross-correlation, low fluctuation of signals both in time and in frequency domain, low complexity detection, etc. 
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Figure 1. ZC root indices for the 11 symbols.

3 NB-PSS Resource Mapping
The time location of NB-PSS symbols is shown in Fig. 2. This  symbol NB-PSS sequence is repeated every 10 ms in time. 
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Figure 2. Time domain location of NB-PSS and NB-SSS transmission for NB-IoT

In the frequency domain, the ZC sequence is mapped to achieve the “central symmetry property” [8] just like LTE PSS (i.e. index 5 corresponds to middle of the PRB) as shown in Fig. 3, which is the same mapping as LTE PSS. This helps reduce device complexity by exploiting the central symmetry property for some of the receiver detection algorithms (e.g., full correlation or OFDM symbol-level correlation [5]). Note that the DC subcarrier needs to be aligned to a subcarrier in order to maintain orthogonality to other LTE PRBs.  



Fig. 3. Frequency domain mapping (same as LTE PSS)

Without loss of generality, let us assume that the NB-IOT subcarriers are [-5, -4,…, 0,…, 5, 6]. The possible candidates for the DC subcarrier are either subcarrier #0 or subcarrier #1. As discussed in [9], [10], the position of the NB-PSS can be adaptively shifted by one subcarrier in frequency domain to minimize the misalignment of the center of the NB-PSS with the 100 kHz channel raster. We have the following two options for the placement of the NB-PSS inside the PRB:
Option 1: Fix the subcarrier locations for NB-PSS and hence the DC subcarrier: The NB-PSS location is fixed to occupy either subcarriers #-5 through #5 or subcarriers #-4 through #6. The DC subcarrier would correspond to either subcarrier #0 or subcarrier #1 respectively for each of these cases. The raster offset is defined as the misalignment between the 100 kHz channel raster and the center of the NB-IOT carrier, which lies between subcarrier #0 and subcarrier #1. Neither of these change and thus, the raster offset is 2.5 kHz and 7.5 kHz respectively for the even and odd bandwidth configuration respectively. Note that fixing the location of the NB-PSS helps avoid the need for multiple hypotheses tests for NB-SSS detection. 
Option 2: NB-PSS can be optimally placed in different PRBs 
For this particular option, the DC subcarrier would change depending on which subcarriers are used for NB-PSS transmission. The DC subcarrier will now be at subcarrier #0 when the NB-PSS occupies subcarriers #-5 through #5 or subcarrier # 1 when the NB-PSS occupies subcarriers #-4 through #6. In this case, the UE would need to do additional hypotheses for NB-SSS detection because the NB-SSS occupies 12 subcarriers and there is no way for the UE to know the location of the placement of the unused subcarrier. Thus, we propose Option 1.

4 [bookmark: _GoBack]Conclusions
We discussed remaining details of the NB-PSS sequence design in this contribution. The proposed NB-PSS was designed to provide the good correlation properties for various receiver algorithms (e.g. the correlation profiles were optimized for both conventional correlation and differential correlation). Based on the analysis of complexity and receiver algorithm [6] as well as on the performance evaluation [7], the proposed NB-PSS design offers various UE receiver algorithms with the best performances among the options and with the low complexity implementation for the modem designer to consider the various options in UE implementation depending on the circumstance (e.g. optimized algorithms both for initial and non-initial acquisition). Therefore, it is proposed that NB-PSS design described in this contribution is agreed in RAN1.
Furthermore, we discussed NB-PSS resource mapping within one PRB. In order to avoid additional NB-SSS detection, it is also proposed that the NB-PSS mapping is predetermined (i.e. Fixed the subcarrier locations) within a PRB.
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