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At RAN1 meeting #84, following agreements were reached on the NB-SSS design.
Agreements:
· 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
In this contribution, the updated NB-SSS design will be shown, where some modifications have been made on our original design represented in [1].
Resource Mapping


Figure 1. Proposed resource mapping of NB-SSS

It has been agreed that both NB-PBCH and NB-PSS have same periodicity of 10ms, which means that the total overhead of NB-PBCH and NB-PSS reaches 20%. As the overhead for the transmission of LTE PDCCH, LTE CRS, LTE CSI-RS and so on in in-band operation mode is significant, it is undesirable to further increase the overhead much due to the transmission of NB-SSS. 
On the other hand, if the NB-SSS has a too long periodicity, then the latency of NB-SSS detection will be increased too far. It is obvious that sparser NB-SSS takes longer time to get the same performance as the denser one.
Therefore, for NB-SSS, 40ms periodicity is considered a good tradeoff between NB-SSS overhead and performance, and can be located in the th radio frame where  is a positive integer.
Proposal 1: The periodicity of NB-SSS transmission is 40ms, occurring in the (4k – 1)th radio frame for positive integer k.
Signal design
NB-SSS sequence design
In our design, the NB-SSS signal is generated based on the multiplication of a single -length ZC sequence  and a binary scrambling code:




Where  represents the ZC root index for NB-SSS, and  is the cyclic shift applied to the ZC sequence,  e.g. Operation  denotes (n + m) mod NSSS.  is a sequence formed from the 128-size Hadamard matrix. 
For ,  is an all 1 sequence. For ,  is:





There are totally 132 REs (12*11) used for NB-SSS, so the ZC sequence length of 131 is an appropriate choice because 131 is the largest prime number under 132. Being a prime number guarantees the good correlation character of ZC sequence, and being the largest can provide the best performance of NB-SSS detection since less waste of resources.
It is possible to generate 130 different sequences by choosing various root index values ( = 1, 2, …, 130). Four cyclic shift values combined with 130 different root indexes can be used to indicate the cell IDs, since 1304>504. 
And the binary scrambling sequence  can be used for the NB-SSS located in the first 40ms within a 80ms unit, while the  can be used for the NB-SSS located in the second 40ms within a 80ms unit. That is, the 80ms timing can be indicated by different scrambling sequences applied to the NB-SSS.
Proposal 2: The length of NB-SSS sequence is 131.
Proposal 3: Cyclic shift operation is applied to the ZC sequences used in NB-SSS. And PCI information is indicated by the combination of root index and cyclic shift value.
Proposal 4: NB-SSS is scrambled by Hadamard sequences. And the 80ms timing information is indicated by different scrambling sequences applied to NB-SSS.
NB-SSS generation procedure
The procedure of NB-SSS generation is similar with the procedure given in [2]. Firstly a multiplication operation is applied between the ZC sequence, with a certain root index u and a certain cyclic shift m, and the corresponding scrambling sequence. Secondly, add zeros to the result sequence to become a 132-length sequence. And then get 11 sub-sequences each with length of 12. After this, do resource mapping to the 12 subcarriers. Finally, do IFFT and add CP for each subsequence.


Mapping from NB-SSS sequence to PCI
The mapping function from NB-IoT cell ID to the root index and cyclic shift of NB-SSS  can be: 


Where  denotes the cyclic shift step, and it can be 32 e.g. because 32 is quite close to.
This mapping function from PCI to the root index of ZC sequence used in NB-SSS ensures a very large reuse factor (i.e. 130) can be achieved for any root index. And this mapping function can be simply realized in the UE.
Proposal 5: The mapping function from the PCI to the root index and cyclic shift of ZC sequence used in NB-SSS is as:



Scrambling sequence design
As described in section 3.1, the scrambling sequence applied to NB-SSS is based on a Hadamard matrix.  For NB-SSS, the scrambling sequences should be chosen such that NB-SSS sequences after scrambling still have good cross correlation characteristics. Here we present a comparison of the cross correlations between the NB-SSS scrambled by preferred Hadamard sequences and pseudo-random sequences given in [2].
Figure 2 shows the CDF of the differences between the cross-correlation power and the self-correlation power for all possible pairs of NB-SSS sequences. NB-SSS scrambled by the proposed Hadamard sequences has a relatively larger gap from the cross-correlation power to the self-correlation power than when scrambling by the pseudo-random sequences given in [2], which means the NB-SSS scrambled by the proposed Hadamard sequences has better cross-correlation characteristics.


[image: ]
Figure 2: comparison between different scrambling sequences
Proposal 6: The scrambling sequences applied to NB-SSS are as:
For ,  is an all 1 sequence. 
For ,  is:





[bookmark: _Ref129681832]Conclusions
In this contribution, we provided the NB-SSS design. The following proposals were made.
Proposal 1: The periodicity of NB-SSS transmission is 40ms, occurring in the (4k – 1)th radio frame for positive integer k.
Proposal 2: The length of NB-SSS sequence is 131.
Proposal 3: Cyclic shift operation is applied to the ZC sequences used in NB-SSS. And PCI information is indicated by the combination of root index and cyclic shift value.
Proposal 4: NB-SSS is scrambled by Hadamard sequences. And the 80ms timing information is indicated by different scrambling sequences applied to NB-SSS.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 5: The mapping function from the PCI to the root index and cyclic shift of ZC sequence used in NB-SSS is as:


Proposal 6: The scrambling sequences applied to NB-SSS are as:
For ,  is an all 1 sequence. 
For ,  is:
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