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Introduction
In RAN1#83 and #84bis meeting, there were agreements on synchronization signal design for NB-IoT as followings [1,2]: 

RAN1#83
· Confirm working assumption on supporting 504 PCIDs
· PCID is indicated by NB-SSS 
· FFS whether some bits of the NB-IoT frame number are derived from NB-SSS
· FFS how many bits of NB-IoT frame number are indicated
· FFS relationship (if any) between NB-IoT frame number and SFN of LTE in guard-band and in-band cases

RAN1#84bis
· 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

[bookmark: _GoBack]There are remaining issues for NB-SSS design including NB-IoT frame number indication and NB-SSS sequence. In this contribution, we provide design details of NB-SSS.

Design Details for NB-SSS
· Indication of PCID and NB-IoT frame number
Both PCID and NB-SSS positions should be indicated by NB-SSS. If a longer NB-SSS transmission than 10 ms would be assumed, the number of radio frame index to be identified can be reduced (e.g., 4 assuming 20 ms NB-SSS transmission period). Assuming 504 PCIDs and 4 subframe locations for NB-SSS, total 2016 hypotheses will be required to discriminate them. 

Proposal 1: NB-SSS should carry the information about PCID and NB-SSS position. 
Proposal 2: NB-SSS is transmitted in every 20 msec. 
· NB-SSS sequence and signal generation
For NB-SSS sequence design, we consider two options as below:

Option #1: Length-66 two ZC sequences with binary scrambling sequence for PCID indication, and DFT cover sequence for NB-SSS position indication
SSS(n) = G(n)*S(n)*C(n) = [G1(m) G2(m)]*[S1(m) S2(m) ]*C(n)
G

S(m) = mod( S(m-7) + S(m-6), 2), S(0)=1, S(1)=S(2)=S(3)=S(4)= S(5)= S(6)=0


In Option #1, NB-SSS sequence can be denoted as SSS(n) = G(n)*S(n)*C(n) where G(n) is a base sequence, S(n) is a scrambling sequence, and C(n) is a cover sequence. The base sequence G(n) (=[G1(m) G2(m)]) has two sub-sequences G1(m) and G2(m) which are length-66 sequences generated by 1-bit puncturing of the length-67 ZC sequence. The scrambling sequence S(n) (=[S1(m) S2(m)]) has two sub-sequences S1(m) and S2(m) which are length-66 binary scrambling sequences generated by 3-bit cyclic extension of the length-63 M sequence. The cover sequence C(n) is length-132 sequence selected from length-132 DFT sequence. For example, if we select 4 sequences, C(n) may be exp(-j*2*pi*k*n/4) where k=0,1,2, and 3. This description can be shown in Figure 1.
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Figure 1. NB-SSS sequence generation in Option #1

The 504 PCIDs can be indicated by combination of root indices of u1 and u2, where u1 (e.g. root index 6 to root index 29) and u2 (e.g. root index 9 to root index 29) are root indices of G1(m) and G2(m), respectively. The scrambling sequence S1(m) and S2(m) are initialized based on PCID to remove ambiguity when UE is in cell boundary. And the NB-SSS position is indicated by one of length-132 DFT sequences. For example, 504 PCID can be indicated with combinations of 24 root indices and 21 root indices (e.g., 504=24*21), and four candidates of NB-SSS position can be indicated by 4 DFT indices (e.g. 0, 1, 2 and 3).

Option #2:  Length-132 single ZC sequence with cyclic shift for PCID indication, and DFT cover sequence for NB-SSS position indication 
SSS(n) = G(n)*C(n)
G

, n=0,.., 131

In Option #2, NB-SSS sequence can be denoted as SSS(n) = G(n)*C(n) where G(n) is a base sequence generated by single ZC sequence extended to fit the length-132 in a cyclic manner and C(n) is a cover sequence selected from length-132 DFT sequences as in Option 1. This description can be shown in Figure 2.
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Figure 2. NB-SSS sequence generation in Option #2 

The PCID information is indicated by combination of root index and cyclic shift of base sequence G(n), and the NB-SSS position is indicated by one of f DFT sequences. For example, 504 PCID can be indicated with combinations of 126 root indices (e.g., root index 3 to root index 128) and 4 shift offsets (e.g., 0, 21, 42, and 63), and four candidates of NB-SSS position can be indicated by 4 DFT indices (e.g. 0, 1, 2 and 3).

After generating NB-SSS sequence, that is mapped to 132 available REs in 11 OFDM symbols as shown in Figure 3.
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Figure 3. NB-SSS generation

Proposal 3: For NB-SSS sequence, two options are considered as below:
· Option #1: Two ZC sequences with binary scrambling sequence for PCID indication, and DFT cover sequence for NB-SSS position indication
· Option #2: Single ZC sequence with cyclic shift for PCID indication, and DFT cover sequence for NB-SSS position indication

Performance Evaluation 
In this section, we provide the performance comparison of NB-SSS proposals as below:
1. LG SSS Option #1: Two 67-length ZC sequences with binary scrambling sequence, DFT sequence
· PCID (Hypothesis: 504) : Combination of two root indices (24*21=504)
· Using scrambling sequence to enhance the cross-correlation property
· NB-SSS position index (Hypothesis: 4) : Four orthogonal DFT sequences
1. LG SSS Option #2: One 131-length ZC sequence with cyclic shift, DFT sequence
· PCID (Hypothesis: 504) : Combination of root index and cyclic shift (126*4=504)
· NB-SSS position index (Hypothesis: 4) : Four orthogonal DFT sequences
1. Intel SSS [3]: One 131-length ZC sequence with binary scrambling sequence, DFT sequence
· PCID (Hypothesis: 504) : Combination of root index and binary scrambling sequence (130*4-16=504)
· NB-SSS position index (Hypothesis: 4): Four orthogonal DFT sequences
1. Ericsson SSS [4]: One 127-length ZC sequence with cyclic shift and binary scrambling sequence
· PCID (Hypothesis: 504): Combination of root index and cyclic shift (126*4=504)
· NB-SSS position index (Hypothesis: 4): Four binary scrambling sequences
1. ZTE SSS [5]: Eleven 13-length ZC sequences with cyclic shift and binary scrambling sequence
· PCID (Hypothesis: 504): Combination of root index and cyclic shift as shown in the proposed tables
· NB-SSS position index (Hypothesis: 4): Four binary scrambling sequences

In the simulation, we assume both residual time error (e.g. -2.5us to +2.5us) and frequency error (e.g. -100Hz to +100Hz). Also, same NB-SSS density (e.g. 20ms transmission period) is assumed for all NB-SSS candidates. The detail simulation assumptions are summarized in Annex.
Table 1 shows performance comparison between NB-SSS candidates in case of in-band with MCL 164 dB. 

Table 1. NB-SSS performance in case of in-band with MCL 164dB
	NB-SSS Sequence
	Noise only

	
	Detection probability 
(%)
	90%-tile acquisition time
(ms)

	LG option#1
	99.42
	440

	LG option#2
	98.96
	480

	Intel [3]
	99.55
	480

	Ericsson [4] 
	99.46
	500

	ZTE [5]
	99.45
	540



As shown in Table 1, proposed NB-SSSs and single root ZC sequence based NB-SSS [3,4] provide better acquisition time than multiple root ZC sequence based NB-SSS [5] in single cell environment. Overall, Option #1 performs better, though performance differences among one or two ZC sequence based approaches are not considerable. From the cell acquisition performance perspective, we consider that either one or two ZC based sequences can be adopted. 
For the NB-SSS, PAPR needs to be also investigated. In order to see the impact of scrambling sequence on PAPR, we provide PAPR comparison between NB-SSS sequence without scrambling sequence (e.g., LG Option #2) and NB-SSS sequence with scrambling sequence (e.g., Intel or Ericsson proposal) in Figure 4.
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Figure 4.  PAPR comparison according to scrambling sequence existence

As shown in the figure, PAPR of NB-SSS generated by ZC sequence with cyclic shift (blue line) has lower than that of NB-SSS by ZC sequence with binary scrambling sequence (orange line). In this analysis, we assume same root index (i.e. root index 3 to root index 128) and same DFT sequence for each NB-SSS. So, we can recognise that binary scrambling sequence is a main factor to increase PAPR of NB-SSS.
In the NB-SSS design, binary scrambling sequence can be employed for several purposes (i.e. cross-correlation property enhancement in LG SSS option#1, PCID indication combined with root index in [3], and NB-SSS position index in [4,5]). As it can be replaced with a combination of cyclic shift and DFT sequences with reduced PAPR, we propose not to adopt binary scrambling sequence. 

Proposal 4: If performance is the major criteria for NB-SSS selection, adopt Option #1. If PAPR is also considered for the major criteria for NB-SSS selection, adopt Option #2. 


4 Conclusions
We discuss design details for NB-SSS and have following proposals:
Proposal 1: NB-SSS should carry the information about PCID and NB-SSS position.
Proposal 2: NB-SSS is transmitted in every 20 msec.
Proposal 3: For NB-SSS sequence, two options are considered as below:
· Option #1: Two ZC sequences with binary scrambling sequence for PCID indication, and DFT cover sequence for NB-SSS position indication
· Option #2: Single ZC sequence with cyclic shift for PCID indication, and DFT cover sequence for NB-SSS position indication
Proposal 4: If performance is the major criteria for NB-SSS selection, adopt Option #1. If PAPR is also considered for the major criteria for NB-SSS selection, adopt Option #2.  
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Annex
Table 2. Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	900 MHz

	Channel Model
	TU1

	Subcarrier Spacing
	15 kHz

	BS transmit power
	In-band: 46 dBm

	Power boosting
	6 dB for in-band scenario

	Target MCL value
	164 dB

	Antenna Configuration
	1 Tx, 1 Rx

	Residual Timing Error
	[-2.5us, 2.5us]

	Residual Frequency Error
	[-100Hz, 100Hz]

	Detection threshold value
	False alarm probability of 0.1 % when only AWGN exists

	# of interfering nodes
	0

	SSS detection
	Allow accumulation of multiple SSS subframes
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