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1	Introduction
The latest RAN1 decisions on the synchronization signal design for NB-IoT are as follows:

NB-PSS
•	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-SSS
-	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 addition, what could have been signaled by the synchronization signals, have been decided to be signaled by NB-MIB, such as: 

•	The deployment mode is indicated by NB-MIB
•	Raster offset is indicated in NB-MIB
•	The differentiation of FDD vs. TDD is NOT indicated in Rel-13
o	Note: it is assumed that there is at least one reserved bit in NB-MIB

In addition to these agreements, several companies have been expressed concerns on the sequence length choice, requesting the possibility that the NB-PSS agreement can be revisited if significant issues will be identified.

In this contribution we address the remaining open issues on NB-syncronization signal design. 
2 	Synchronization signal placement inside the NB-IoT PRB
[bookmark: _GoBack]The current agreements states that the NB-PSS is generated by a length-11 Zadoff-Chu sequence in frequency domain for each OFDM symbol and 11 REs are used per OFDM symbol. This implies that the center of the NB-PSS is not the same as the center of the NB-IoT PRB and hence of the NB-SSS. As the NB-PSS spans 11 subcarriers and the NB-IoT PRB has 12 subcarriers, there are two possibilities for placing the NB-PSS inside the NB-IoT PRB: Option 1. Use a fixed position, for example starting from the top of the NB-IoT PRB, option 2: allow a flexible placement inside the NB-IoT PRB. The second option is preferred as it allows the closest placement to the raster and hence results in the minimum frequency offset between the channel raster and the center of the NB-PSS, this offset being of at most + 5kHz. As two possible placements are possible, this implies that the UE needs to account for two hypothesis when searching for the NB-SSS.

Observation: 
· The 11 subcarriers NB-PSS placed flexibly inside the PRB implies a maximum channel raster offset of + 5kHz.
Proposal:
· Allow flexible configuration of the NB-PSS inside the NB-IoT PRB, two hypothesis being possible. 
3 	Synchronization signal placement inside the NB-IoT PRB
3.1 	Frame placement
Based on the agreement from the previous meeting, the frame placement for NB-PSS, NB-SSS and NB-MIB are as depicted in Figure 1. 
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[bookmark: _Ref442448535]Figure 1: LTE FDD resource mapping for NB-IoT sync signal in normal CP with short sequence NB –PSS (green) and NB-SSS (orange).

Proposal: a single frame placement is applied in all the operation modes.

3.2 	NB-PSS root sequences 
The previous RAN1 meeting agreement is to generate the NB-PSS based on the ZC sequence of length  in frequency domain. The ZC sequence of root  may be obtained as: 

Several proposals have been presented when it comes to the NB-PSS root sequence design. The main differences are with respect to the amount of root index pairs to be used and the need of additional binary cover code. One of the proposals on this subject [1] is considering 10 different root sequence indices among the 11 NB-PSS OFDM symbols while the root index combination from symbol 0  to symbol 10 is [1 10 2 9 3 8 4 7 5 6 5]. The different root index pairs eliminate the timing ambiguity resulting from integer frequency offsets and the complex conjugate by pairwise root indices offer efficient correlator to facilitate lower complexity.
3.3 	NB-SSS details 
Several NB-SSS designs have been proposed in the previous meetings. These can be categorized as follows: 
Long-sequence based:
· Alt .1 Using two different root sequences transmitted in two subframes [2]
· Alt 2 Using a single long sequence transmitted in a single subfarme with additional scrambling [3] [4]
Short sequence based:
· Alt 3 Using two sequences placed in the same suframe and additional binary code [5]
· Alt4 Per OFDM short sequences with cover code [6]
The amount of resource elements available for NB-SSS transmission is equal to 132. If a single ZC sequence is utilized, one option is to consider NZC=131 which is cyclically extended to 132. In this situation the ZC sequence will be punctured by the RS positions when operation mode is inband. 
Initial discussion on NB-IoT sync signal design was targeting for more information to be carried by NB-SSS, such as the channel raster offset and operation mode. However, this information being signaled now in NB-PBCH, it remains that NB-SSS would provide only the 504 cell identities as originally planned.
When long sequence design is used as in [3], in order to indicate the correct timing of the 80ms block in which NB-SSS is transmitted several times, a scrambling sequence needs to be applied on top of the long ZC sequence [3].  In this setup, 4 instances of NB-SSS are transmitted. 
The following NB-SSS structure has been considered in this contribution. In this description, the length of the ZC sequence is 61 (as the initial design was based on 6 OFDM symbols), however the extension to sequence length of 131 is straight forward. The NB-SSS signal generation is done as in Figure 2.
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[bookmark: _Ref445455618]Figure 2: Generation of NB-SSS signal

and
b_q (n)=b(mod(n-l_q,63))       n={0,1,…60},q={0,1,…,7},  
 l_0=0, l_1=17, l_2=3, l_3=23, l_4=7, l_5=29, l_6=11, l_7=37
b(n+6)=mod(b(n)+b(n+1),2),        n={0,1,…55},     
b(0)=1,b(m)=0,     m={1,2,3,4,5}
Note that a_p (n) is a Zadoff Chu sequence and determines the cell identity group.  The root m_p  and the cyclic shift k_p are used to provide a specific cell identity. b_q (n) is the scrambling sequence composed of cyclic shifts of a base sequence b(n) and is used to indicate the M-SSS location within 80 ms in order to obtain the correct timing while the cyclic shift l_q is dependent on q. The values of m_p and k_p for a specific p are given as m_p=1+mod(p,61) and k_p=7⌊p/61⌋. 

4	Conclusions
In this contribution we have been presenting views with respect to NB-IoT synchronization signal design. The following proposals can be summarized:
Proposal:
· Allow flexible configuration of the NB-PSS inside the NB-IoT PRB, two hypothesis being possible. 
· A single frame placement is applied in all the operation modes.
· For NB-PSS utilize 10 different root sequence indices
· For NB-SSS utilize ZC sequence of length 131 and scrambling sequence.
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