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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At RAN1#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] according to the latest agreements.
NB-SSS sequence design
In our design, the NB-SSS signal is generated based on a single -length ZC sequence:

where  represents the ZC root indices for NB-SSS. With ZC sequence length of 139, it is possible to generate 138 different sequences by choosing various root index values. 
In addition to 138 different root indices, time-domain cyclic shift is applied to each ZC sequence to differentiate 504 cell IDs. Considering there are 11 OFDM symbols, the cyclic shifting can be done according to 

where  is the original time-domain signal (no cyclic shift) at the  OFDM symbol within the subframe transmitting NB-SSS with root index  and  is the time-domain signal at the  OFDM symbol derived by cyclic shift of  with shift step of . If only 504 cell ID information is carried by NB-SSS, 4 cyclic shift steps are sufficient, e.g.,  .
The use of cyclic shift does not bring extra processing complexity as different cyclic shifts of a certain sequence can be detected through a single correlator.
Signal generation
The procedure of signal generation for NB-SSS follows that of the NB-PSS design in our companion contribution [2]. The block diagram of the NB-SSS signal  generation is shown in Figure 1. Note that the cyclic shif is performed before IDFT and CP insertion, considering the possible puncturing for CRS for in-band operation mode.
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[bookmark: _Ref430877245]Figure 1. Generation of NB-SSS
The NB-SSS signal generation procedure is described in detail as follows:
Step1: Signal oversampling process, which includes:
· 139-length Zadoff-Chu sequence is generated and passed into 139-point DFT;
· Zeros are added at the both sides of the output of DFT, and then a 1508-length sequence is obtained;
· The 1508-length sequence is passed into 1508-point IDFT.
Step2: Sub-sequence generation process:
· The sequences output from IDFT are divided into 11 groups, where the length of each group is equal to the corresponding OFDM symbol including CP, i.e. 137 or 138;
· The first 9 or 10 samples are removed, so that 11 sub-sequences are obtained, each with length of 128 samples.
Step3: Spectrum shaping and cyclic shifting:
· Each sub-sequence is passed into 128-point DFT, and then the center 12 elements are kept;
· Cyclic shifting with , i.e.

and then  is mapped on the assigned 12 subcarriers of the corresponding OFDM symbol.
· CRS puncturing in case of in-band operation mode
Step4: Baseband signal generation as defined in LTE downlink.
· 128-point IDFT is performed, and then insert CP.

Mapping to physical resources


Figure 2. Resource mapping of NB-SSS
[bookmark: _GoBack]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 undesired to further increase the overhead much due to the transmission of NB-SSS. Therefore, for NB-SSS, the transmission periodicity of 40ms is preferred.
Performance evaluations
The performance of NB-SSS is evaluated for in-band operation mode at coupling loss of 164dB. The evaluation results are shown in Table 1, while the simulation assumptions are listed in Annex.
Table 1 Performance for NB-SSS in in-band operation mode with coupling loss of 164dB
	164dB
	Detection probability (%)
	90%-tile acquisition time (ms)

	In-band
	Noise only
	99.6%
	280

	
	2 interferers
	99.2%
	320



It can be seen that our NB-SSS design achieves very good detection performance within very short time even in the most challenging scenario (i.e.in-band operation mode at 164dB MCL). And also, as mentioned before, the computational complexity of the NB-SSS detection is very low because the detection of a NB-SSS sequence with different cyclic shifts can be performed through a single correlator.
erformedn algorithms based on eransmit power of LTE CRS is changed from 32dBm to 29dBm to have a relatively pessimisitc r offse
[bookmark: _Ref129681832]Conclusions
In this contribution, we provided the NB-SSS design. The performance of this NB-SSS design is evaluated as well. The following proposals were made based on the evaluation results.
Proposal 1: NB-SSS is based on a length-139 Zadoff-Chu sequence, , with root index u = 1,…,138.
Proposal 2: NB-IoT cell ID is carried via an additional time-domain cyclic shift on NB-SSS. The additional cyclic shift makes transmitted NB-SSS  where j  and i = 1, …, 11.
Proposal 3: The transmission periodicity of NB-SSS is 40ms.
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Annex
[bookmark: _Ref409108948]Table 2. Simulation assumptions
	Parameters
	Values

	Channel Model
	TU 

	Doppler
	1 Hz

	Antenna configuration
	1T1R

	BS Tx power (dBm)
	35

	LTE CRS port number
	4

	Sampling rate
	1.92MHz

	MCL (dB)
	164

	Frequency offset
	Randomly chosen from {-50, 50}Hz

	Timing offset
	Randomly chosen from {-2.5, +2.5}us
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