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1. Introduction
At RAN #69, a new work item named Narrowband Internet of Things (NB-IoT) was approved to specify a radio access for cellular internet of things [1]. NB-IoT should support 3 different modes of operation, i.e., stand-alone operation, guard-band operation, and in-band operation. NB-IoT should provide a single synchronization signal for 3 different operation modes. 
In RAN1#82bis meeting, there were agreements on synchronization signal design for NB-IoT as followings [2]: 

	Agreements:

· The synchronization signals of NB-IoT consist of primary synchronization signal (PSS) and secondary synchronization signal (SSS). 

· NB-IoT PSS/SSS do not use at least:

· the LTE PDCCH control region 

· FFS: number of symbols of the control region

· REs used by LTE CRS

· The following mechanisms may be considered: 

· NB-IoT PSS/SSS are punctured by LTE CRS 

· Other mechanisms (including, for example, not using OFDM symbols used by LTE CRS, or transmitting the NB-IoT PSS/SSS in LTE MBSFN subframes) are not precluded

· NB-IoT PSS/SSS design should consider different CP lengths (e.g. normal CP and extended CP) if supported 

· FFS whether cell ID information is carried by NB-IoT PSS. 

· If not, then NB-IoT physical cell ID is indicated by NB-IoT SSS 

· FFS whether the operation mode (i.e. some or all of standalone / guard-band / in-band) needs to be indicated somehow.

· FFS whether/how FDD/TDD needs to be indicated. 


In RAN1#83 meeting, there were agreements on synchronization signal design for NB-IoT as followings [3]: 
	Agreements:

· 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
· Operation mode is indicated in one of the following ways:
· Alt-1:Indication is by NB-SSS
· Alt-2: Indication is by NB-MIB
· Other options are not precluded
· FFS whether the number of values that can be indicated is equal to or less than the number of operation modes (i.e. 3) 
· The following resource mapping rules are complied with:
· The first 3 LTE OFDM symbols are not used by NB-PSS/NB-SSS
· FFS for special subframe in TDD
· NB-PSS/NB-SSS are punctured by LTE CRS (if a collision exists)
· FFS for CRS ports 2,3 in FS2
· NB-PSS/SSS occupy fixed number of OFDM symbols in each synchronization subframe 
· Normal CP: NB-PSS and NB-SSS span 11 or 9 (one value to be selected) OFDM symbols and X OFDM symbols respectively in each subframe transmitting the synchronization signal
· One value of X to be selected in the range 6 to 11, at least for FDD
· Extended CP if supported: NB-PSS and NB-SSS span 9 OFDM symbols and Y OFDM symbols in each subframe transmitting synchronization signal 

· One value of Y to be selected in the range 6 to 9, at least for FDD


In this contribution, we share our considerations on synchronization signals for NB-IoT.

2. Discussion
2. 1. Information carried by SSS
In the LTE system, two synchronization signals are provided: primary synchronization signal (PSS) and secondary synchronization signal (SSS). The SSS is used to carry the information for physical cell ID (PCID) and the frame boundary. In the RAN1#82bis meeting, it was agreed the synchronization signals of NB-IoT consist of NB-PSS and NB-SSS [2]. Similar to that of LTE, the NB-SSS can be used to carry PCID information as well as the other information such as TTI boundary besides PCID as agreed in the RAN1#83 meeting [3]. 
In NB-IoT, using a single NB-PSS is being considered, which means that the NB-SSS needs to carry all PCID information unlike that of LTE. Accordingly, NB-IoT UEs have larger number of PCID hypotheses cell search than those of legacy LTE UEs. Hence, adding additional information to NB-SSS can further increase the number of hypotheses that NB-IoT UEs need to distinguish, leading increase in the implementation complexity of NB-IoT UEs. Therefore, amount of information or the number of bits carried by the NB-SSS should be determined carefully. Considering UE complexity, it is preferred for NB-SSS to carry PCID and the TTI boundary information, while operation mode is indicated by NB-MIB. Further details on operation mode indication can be found in [4].
 2. 2. Resource mapping

The previous works on NB-IoT synchronization signals so far have shown that synchronization process in NB-IoT UE takes considerable amounts of computational complexity and latency. Therefore, it is preferred to keep the same resource mapping for NB-IoT synchronization signals (NB-PSS and NB-SSS) for all three operation mode, not allowing the density change according to the operation mode. In Figure 1, the resource mapping for NB-PSS and NB-SSS is depicted. In the figure, NB-PSS is transmitted 4 times every 80 ms, while NB-SSS is transmitted in the last frame within the 80 ms block. The number of OFDM symbols occupied by NB-PSS and NB-SSS depends on the cyclic prefix length of legacy LTE. NB-PSS and NB-SSS span the last 11 and 9 OFDM symbols for the normal and extended CP, respectively.
Proposal 1: Consider common resource mapping for NB-IoT synchronization signals (NB-PSS and NB-SSS) in all three operation modes and no density change according to the operation mode.
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Figure 1: Resource Mapping for NB-PSS/NB-SSS
2. 3. Sequence design

Zadoff-Chu (ZC) sequence is known to have useful properties such as ideal periodic auto-correlation, low peak-to-average ratio, cyclic shifts by frequency offsets and low cross-correlation. Due to these properties, it is adopted for PSS in legacy LTE. For NB-IoT, it is also desired to adopt ZC sequence for NB-PSS in order to maximize the NB-PSS detection performance by exploiting its nice properties. Considering the available resource blocks within the legacy LTE framework, a long ZC sequence that spans multiple OFDM symbols is preferred for NB-PSS as proposed in [5, 6]. The signal generation diagram for NB-PSS is shown in Figure 2. In [7], a long ZC sequence is shown to provide good performance even for in-band scenario, enabling network synchronization less than 1 second.
For NB-SSS, ZC or binary sequences can be used mainly to avoid increase in PCID detection complexity. If binary sequences are adopted, computational complexity required by cell search with NB-IoT SSS can then be significantly reduced by replacing complex multiplication into sign flipping. 
Proposal 2: Long Zadoff-Chu (ZC) sequence that spans multiple OFDM symbols is preferred for NB-PSS.
Proposal 3: ZC or binary sequence can be used for NB-SSS.
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3. Conclusions
In this contribution, we have the following proposals: 
Proposal 1: Consider common resource mapping for NB-IoT synchronization signals (NB-PSS and NB-SSS) in all three operation modes and no density change according to the operation mode.

Proposal 2: Long Zadoff-Chu (ZC) sequence that spans multiple OFDM symbols is preferred for NB-PSS.

Proposal 3: ZC or binary sequence can be used for NB-SSS.
4. References
[1] RP-151621, New Work Item: NarrowBand IOT (NB-IoT), Qualcomm Incorporated, 3GPP TSG RAN Meeting #69, Phoenix, USA, September 14 - 16, 2015.
[2] 3GPP RAN1 #82bis chairman’s notes, October 2015.
[3] 3GPP RAN1 #83 chairman’s notes, November 2015.
[4] R1-160146, “Discussion of Operation Mode Indication”, Samsung, 3GPP RAN1 Ad-hoc, January, 2016. 

[5] R1-156464, “Synchronization Signal Design”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd, 3GPP RAN1 #83.
[6] R1-157418, “NB-IoT – Improved Synchronization Channel Design”, Ericsson, 3GPP RAN1 #83

[7] R1-156465, “Synchronization Signal Evaluation”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd, 3GPP RAN1 #83.
Figure � SEQ Figure \* ARABIC �2�: Signal Generation Diagram for NB-PSS





Length-N Zadoff-Chu sequence





Subsequence generation





DFT





DFT





DFT





du





…





du,1





du,2





du,K





Insertion of zeros





IFFT





IFFT





IFFT





…





ru,1





ru,2





ru,K





CP





tu,1





tu,2





CP





CP





tu,K





…





 NB-PSS








3/5

