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1 Introduction
In RAN1#84 meeting, the following agreements on NB-PSS  and NB-SSS were made [1]:
· 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

In this contribution, we discuss remaining issues on PSS and SSS for NB-IoT.
2 Remaining details for NB-PSS
Shor sequence was adopted as the NB-PSS in the last RAN1 meeting. There are several choices of short sequence. The difference between the proposed short sequence designs is the number of ZC root sequences used and whether cover code is used for the time domain OFDM symbol. Also, different cover code was proposed in different design.

We evaluate the following three short sequence designs:
· Alt-1: 10 ZC root sequences  are used without cover code [2]
· Alt-2: 2 conjugate ZC root sequences (u = 5, 6) are used with cover code = [1 1 -1 -1 1 -1 -1 1 -1 1 1][3] 
· Alt-3: single ZC root sequence (u=5) is used with cover code = [1 1 1 1 -1 -1 1 1 1 -1 1][4]
Similar detection algorithm are used for all designs, i.e., differential operation combined with cross correlation. Simulation results are presented in Table 1 and the simualtion parameters are listed in Table A1.

Tabel 1: Performance comparison of different NB-PSS schemes
	In-band, MCL = 164

FO = +/-28.3ppm
	Alt-1
	Alt-2
	Alt-3

	PSS detect rate  
	100%
	100%
	100%

	False alarm-1
	0%
	0%
	0%

	False alarm-2
	0.1%
	0%
	0%

	Sync time of 50%-tile
	40 ms
	30 ms
	40 ms

	Sync time of 95%-tile
	650 ms
	560 ms
	590 ms

	Residual timing offset within 4 samples @1.92MHz
	99.9%
	100%
	100%

	PSS detection rate: refers to the rate of peak correlation exceeds the predefined threshold. If the searching time exceeds 3 seconds, it is counted as a mis-detection.
False alarm-1: refers to the rate of correlation peak exceed the pre-defined threshold when no signal is transmitted.

False alarm-2: refers to the rate of residual timing out of the range of 4 samples when the correlation peak exceeds the predefined threshold.


 Observation-1: All the short sequence based schemes can work well and similar performance are obtained.
3 Remaining details for NB-SSS
Only a few agreements had been made for NB-SSS during the last meeting. It was agreed that NB-SSS is transmitted in subframe 9 but the periodicity for NB-SSS is not decided yet. And for NB-PSS, it was agreed that the periodicity of NB-PSS transmissionis is 10ms. Same periodicity for NB-PSS and NB-SSS is more preferred, as this can help to reduce the NB-SSS detection complexity since no hypothesis is needed. If the periodicity of NB-SSS is different from NB-PSS, hypothesis for NB-SSS in different location is needed since the UE may complete the NB-PSS detection at any NB-PSS instance.  Figure 1 gives the transmission pattern for PSS/SSS/PBCH based on the agreements and our preference for NB-SSS.
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Figure 1 Subframe pattern for PSS/SSS/PBCH transmission
Proposal-1: The periodicity of NB-SSS transmission is 10ms.
On the other hand, the sequence design for NB-SSS is not decided. In [5], we gave the preliminary design for NB-SSS. In the following, we give more details about our proposed NB-SSS.
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Figure 2 Generation of NB-SSS

Figure 2 gives the generation scheme for the proposed NB-SSS. Short sequences are used each OFDM symbol. The combination of root index and cyclic shift of the short sequence in different OFDM symbols can be used to indicate PCID. And the frame timing is carried by different scrambling sequence. 

It was agreed that ZC sequence is used.  Therefore, for the short sequence design, two options can be considered.
· Opt-1: length-11 ZC sequence with cyclic shift extension.

· Opt-2: length-13 ZC sequence with truncation.
Performance comparison of these two options was presented in [5]. No significant performance difference between the two options. Since the NB-PSS only occupy 11 sub-carrirer in the PRB and length-11 ZC sequence is used, the NB-SSS should avoid high correlation with NB-PSS. But scrambling sequence is applied on subcarrier basic, high correlation with NB-PSS can be avoided. And from the number of available  sequences  point of view, Opt-2 may be slightly preferred.
The mapping between PCID to short sequence used in each OFDM symbol was also provided in [5]. It was a general method for the mapping. When the number of available sequence change, we only need to change the corresponding variable in the generation expression. For convient, we copy the mapping method from[5] as listed below:

Suppose the number of available short sequences (including different root index and different cyclic shift) is 
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denotes the root index and cyclic shift of the short sequence used in OFDM symbol
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Where 
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And Table-B1 gives an example of mapping of PCID  NID to sequence index Iseq, k  assuming the number of available sequences is 72 and the number of OFDM symbol NB-SSS occupied is 11. Note that the number in Table-B1 is a sequence index for illustration convenient, and the root index 
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 and cyclic shift ncs, k can be unique determined by the sequence index Iseq, k. Table B2 gives such an example of mapping of sequence index Iseq, k  to  (rk, ncs, k ) for Opt-2 mentioned above. And for the scrambling sequence generation, binary based sequence can be considered for lower complexity. 
Proposal-2: Short sequence with scrambling is adopted for NB-SSS.

4 Conclusions
In this contribution, we have discussed the remaining issues on PSS and SSS design for NB-IoT. In summary, we propose:
Proposal-1: The periodicity of NB-SSS transmission is 10ms.
Proposal-2: Short sequence with scrambling is adopted for NB-SSS.
Observation-1: All the short sequence based schemes can work well and similar performance are obtained.
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Annex A: simulation assumptions and CDFs of Sync. trials
Table A1 Link-level simulation assumptions 
	Parameter
	Value

	System bandwidth
	180 kHz

	Frequency band
	900 MHz

	Propagation channel model
	TU 1Hz

	Interference
	Noise only

	Antenna configuration 
	1Tx, 1Rx 

	Initial CFO
	+/- 28.3ppm

	SNR
	In-band : -12.6 dB1

	Sampling Frequency (Fs)
	1.92 MHz 

	CRS puncturing
	enabled

	NOTE 1: -12.6 dB corresponds to an MCL of 164 dB for In-band operation.
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Figure A1 CDFs of trials for NB-PSS timing detection
Annex B:
Table B-1. Mapping of PCID
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Table B2. Example of mapping of 
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