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1 Introduction
In the last NB-IoT Ad-hoc meeting, short sequence based design for NB-PSS was confirmed. [1]
• Base sequence: Zadoff-Chu sequence of size 11 with root index 5 and no shift

• Code cover: [1  1  1  1  -1  -1  1  1  1  -1  1]

The sub-carrier mapping for the length-11 ZC sequence in the PRB used for NB-PSS transmission is still not decided yet. Also, the detailed NB-SSS design is needed to be determined. In this contribution, we discuss all the remaining issues for NB-PSS and NB-SSS.
2 Remaining details for NB-PSS
Since the length of base sequence used for NB-PSS is 11 and the number of subcarriers in one PRB is 12, two options are considered for the sequence to RE mapping [3]

 REF _Ref447290608 \r \h 
[4]

 REF _Ref447290610 \r \h 
[5].
· Opt-1: fixed mapping, NB-PSS (11 REs) is mapped on k=1~ 11 in a fixed manner
· Opt-2: flexible mapping, NB-PSS (11 REs) can be mapped on either k=0~10 or k=1~11 depending on the PRB location (i.e. according to frequency raster offset)
Since the NB-PSS detection processing as described in [2] is based on sliding auto-correlation, the frequency offset due to channel raster may not affect the performance of PSS timing detection. And fine frequency offset estimation can be done after the NB-PSS timing is obtained. Therefore, we slightly prefer a fixed mapping for the NB-PSS RE mapping to simplify the specification.
Proposal 1: NB-PSS (11 REs) is mapped on k=1~11 in a fixed manner.
3 Remaining details for NB-SSS
We proposed in [6] that the periodicity of NB-SSS transmission was 10ms. If the overhead is the main concern for most companies, we can also accept the 20ms periodicity at the expense of higher UE complexity for hypotheses tests for different locations of NB-SSS compared to the detected NB-PSS timing.
Proposal 2: Down select the periodicity of NB-SSS from {10 ms, 20 ms}.
For the NB-SSS design, there are 4 alternatives under consideration.
· Alt-1: a ZC long sequence multiplied by a long scrambling sequence [7]

 REF _Ref447534757 \r \h 
[8]

 REF _Ref447534792 \r \h 
[9]

 REF _Ref447534758 \r \h 
[10][11].
· Alt 1-1: Length-127 ZC sequence used

· Alt 1-2: Length -131 ZC sequence used
· Alt-2: short ZC sequences [2].
· Alt-3: short sequence per symbol + scrambling sequence [6].

· Alt-4: two ZC sequences multiplied by scrambling sequences [12].

We compare all the alternatives in the following. For Alt-1, two different lengths of ZC sequence are used. Simulation results of NB-SSS detection based on different assumption of  residual timing offset and frequency offset are shown in Table-1. 

Table-1: Comparison of NB-SSS network synchronization in time (ms)
	
	
	Alt 1-1
	Alt 1-2
	Alt-2
	Alt-3
	Alt-4

	TO = 0, 

FO = 0
	50%
	1*20
	1*20
	1*20
	1*20
	1*20

	
	95%
	14*20
	13*20
	13*20
	11*20
	11*20

	
	Mean
	3.41*20
	3.21*20
	3.10*20
	3.02*20
	2.79*20

	TO = 2.08us

FO = 50Hz
	50%
	1*20
	1*20
	2*20
	1*20
	1*20

	
	95%
	18*20
	17*20
	20*20
	18*20
	18*20

	
	Mean
	4.23*20
	4.01*20
	4.69*20
	4.22*20
	4.22*20


From the simulation results, we can find that the performance difference between the alternatives is very small. Alt-2 is slightly worse than the others. And considering that short ZC sequence is used for NB-PSS, the low CM property is kept for NB-PSS. It may be good to preserve the low CM property for NB-SSS as much as possible. As illustrated in Figure A-3 and A-4, Alt-2 and Alt-3 have lower CM than the others. Therefore, we slightly prefer Alt-3.
Proposal 3: 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: NB-PSS (11 REs) is mapped on k=1~11 in a fixed manner.

Proposal 2: Down select the periodicity of NB-SSS transmission from {10ms, 20ms}.

Proposal 3: Short sequence with scrambling is adopted for NB-SSS.
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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 

	
	

	SNR
	In-band:  -12.6dB

	Residual Timing offset
	-2.08us~2.08us

	Residual Frequency offset
	-50Hz ~ 50Hz

	Sampling Frequency (Fs)
	1.92 MHz 

	CRS puncturing
	Enabled for in-band mode

	Simulation number
	10000
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Figure A-1 CDFs of trials for NB-SSS detection
[image: image2.emf]0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Number of trials for successful SSS detection

C.D.F

In-band, MCL=164dB,Residual TO = 2.08us, Residual FO=50Hz

 

 

Alt 1-1

Alt 1-2

Alt-2

Alt-3

Alt-4


Figure A-2 CDFs of trials for NB-SSS detection
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Figure A-3 CM distribution for different alternatives (with CRS puncturing)
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Figure A-4 CM distribution for different alternatives (without CRS puncturing)

