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1. Introduction
In RAN#69, narrow band IoT has been approved a work item with the following agreements [1]: 
· NB-IOT should support three different modes of operation: 

· ‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers;
· ‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

· ‘In-band operation’ utilizing resource blocks within a normal LTE carrier;
· 180 kHz UE RF bandwidth for both downlink and uplink;
· OFDMA on the downlink;
· A single synchronization signal design for different modes of operation, including techniques to handle overlap with legacy LTE signals.
In this contribution, we will provide our view on the design and generation of PSS and SSS sequences, which can operate under stand-alone/guard-band/in-band deployment. Such design aims to address both the NB-IOT design needs as well as compatibility with legacy operation. In a separate contribution [2], we present the overview of the sync channel design principles. 
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Resource Mapping for PSS and SSS Signal
In order to avoid potential interference between NB-IoT and legacy LTE for in-band deployment, we exclude the first three symbols in any subframe for NB-IoT synchronization signals. Figure. 1 shows an example wherein both PSS and SSS signal occupy symbol  3 to symbol 13  of a subframe, and they are transmitted in adjacent subframes. For more general cases, NB-IoT PSS/SSS signals may be interlaced within a subframe and/or replicated in multiple subframes. Depending on the availability of resource, the replication of synchronization signals can take place in consecutive or disjoint subframes, or a combination of the two.  The number of repetitions may also be configurable, which mainly depends on the coverage of NB-IoT deployment.
Proposal 1: NB-PSS and NB-SSS rate match around legacy control symbols and punctured by CRS whenever colliding with CRS symbols. 
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PSS Sequence Design for Robust Synchronization
The following aspects are considered for PSS in our design:
· Re-using 15 KHz subcarrier spacing of legacy LTE
· Complying with legacy LTE symbol boundaries
· Avoiding resource allocation conflicts with legacy LTE control region (and CRS)
· Employing a dual-layer design for base code (across the 12 tones of 1 PRB in frequency domain) and code cover (across PSS symbols in time domain)
· Base code 

· Code sequence possesses good auto-correlation properties in both time and frequency domain
· Code sequences have low PAPR and cubic metric values
· Code symbols have constant magnitude, small alphabet size and relatively large Euclidean distance
· Base codes are repeated for each PSS symbol, subject to a possible sign flipping (per symbol) stipulated by code cover
· Code cover
· Binary sequences to provide additional receiver processing flexibility/enhancement for time/frequency acquisition
The dual-layer structure of PSS sequence can be shown by Figure 1, where {Ck ; 1≤k≤K≤12} denotes the length-K base code, and {Sl ; 1≤l≤L} represents the length-L code cover with  Sl   taking value -1 or 1. The PSS sequence for k-th tone, l-th symbol can be constructed via
bl,k=Sl×Ck
The base code and code cover for PSS sequence should satisfy the following requirements:

· Ensure reliable timing offset estimation in the presence of frequency offsets (up to 20 ppm for initial acquisition);
· Ensure reliable frequency synchronization for large dynamic range of frequency offset (20 ppm to 0.1 ppm);
· Low PAPR and cubic metrics;

· Robust against burst interference;

· Low-complexity implementation.
The good auto-correlation properties of base code in both time and frequency domains can ensure the reliability of time and frequency synchronization. As the first step of synchronization, it is desirable to make the timing offset estimation decoupled from the frequency offset estimation. Once the timing offset is corrected and the symbol boundary is established, the frequency acquisition can be accomplished through additional processing of PSS signals. 

Proposal 2: Consider to use CGS or modified ZC sequences with good auto-correlation properties in both time and frequency domain, and good PAPR/CM for PSS. 

Proposal 3: Consider to use binary code cover across PSS symbols for further performance enhancements. 
4. 
SSS Sequence Design 
Similar to PSS, the resource allocation for SSS signal will avoid conflict with legacy LTE, as shown in Figure. 1. Our design for SSS sequence is based on the use of short ZC sequences with different roots. The root is chosen to be prime to the sequence length so that the cross-correlation between different SSS sequences is minimized. 
Table 1 illustrates the mapping to cell ID, subframe number and additional system information through different arrangement for the ZC roots of SSS sequence. Note that in addition to the selection of roots and cyclic shifts, we now also have the design flexibility of mapping to multiple symbols.  
Table 1:  Roots Arrangement Mapping of SSS Sequence
	SSS Symbol Index
	1
	2
	3
	⋅⋅⋅
	M
	Payload

	Roots Arrangement #1
	µ(1,1)
	µ(1,2)
	µ(1,3)
	⋅⋅⋅
	µ(1,M)
	Cell ID

	Roots Arrangement #2
	µ(2,1)
	µ(2,2)
	µ(2,3)
	⋅⋅⋅
	µ(2,M)
	Cell ID

	Roots Arrangement #3
	µ(3,1)
	µ(3,2)
	µ(3,3)
	⋅⋅⋅
	µ(3,M)
	Cell ID

	

⋮
	Subframe Number

	⋮
	Sys Info


Proposal 4: Consider to use sequence selection in different NB-PSS symbols to convey information. 
5. Summary
In this contribution we presented our view on the design considerations and implementations for NB-IoT PSS and SSS sequences. To obtain robust time and frequency synchronization under the constraint of low-complexity implementation, as well as to accommodate the increasing number of cell ID, we make the following proposal:

Proposal 1: NB-PSS and NB-SSS rate match around legacy control symbols and punctured by CRS whenever colliding with CRS symbols. 
Proposal 2: Consider to use CGS or modified ZC sequences with good auto-correlation properties in both time and frequency domain, and good PAPR/CM for PSS. 

Proposal 3: Consider to use binary code cover across PSS symbols for further performance enhancements. 
Proposal 4: Consider to use sequence selection in different NB-PSS symbols to convey information. 
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Figure � SEQ Figure \* ARABIC �1�.  Examples of Resource Mapping for NB-IoT Synchronization Signals within 1 PRB based on NCP and Three-Symbol Legacy Control Region








�


Figure � SEQ Figure \* ARABIC �2�.  Dual Layer Structure of PSS Sequence
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