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1. Introduction 
With respect to synchronization signals for NB-IoT, the NB-IoT WID [1] states the following:

NB-IOT should support 3 different modes of operation: 

1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier

In particular, the following will be supported:

· OFDMA on the downlink

· Two numerology options will be considered for inclusion: 15 kHz sub-carrier spacing (with normal or extended CP) and 3.75 kHz sub-carrier spacing. Technical analysis will either perform a down-selection or decide on inclusion of both based on the feasibility of meeting relevant requirements while achieving commonality (to be finalized by RAN #70)

· A single synchronization signal design for the different modes of operation, including techniques to handle overlap with legacy LTE signals
This document discusses the implications of these work item objectives on the synchronization signals for NB-IOT and LTE.
2. Discussion
The WID states that there are three modes of operation for NB-IOT, namely “standalone”, “guard-band” and “in-band”, and that there should be a single synchronization signal design for these three modes of operation.

The WID also states that there are two downlink numerologies (that may or may not be down-selected at a future time): one based on a 3.75kHz subcarrier spacing and one based on a 15kHz subcarrier spacing. 

There are thus two possibilities in terms of the “single synchronization signal design”:

· One single synchronization signal design should act as a synchronization signal for both the 3.75kHz numerology and the 15kHz numerology.
· The 3.75kHz numerology and 15kHz numerologies have unique synchronization signals design, but within a numerology there is a single synchronization signal design for the “standalone”, “guard-band” and “in-band” modes of operation.
Our understanding is the latter: that the 3.75kHz and 15kHz numerologies have different synchronization signal designs. There will thus potentially be three types of synchronization signals used in the Release-13 specifications (depending on whether a down-selection occurs between the 3.75kHz and 15kHz numerologies):

· The legacy Release-12 PSS / SSS synchronization signals.

· Synchronization signals for the 15kHz NB-IOT numerology.

· Synchronization signals for the 3.75kHz NB-IOT numerology.

In order to avoid UEs using un-necessary energy attempting to decode synchronization signals for carriers that they cannot camp onto, the following proposal is made:

Proposal 1: The designs for the 15kHz and 3.75kHz NB-IOT numerology synchronization signals should minimize false alarms of (1) legacy LTE terminals onto NB-IOT carriers and (2) NB-IOT terminals onto legacy LTE carriers or incompatible NB-IOT carriers.
When NB-IOT is operated in-band, the NB-IOT synchronization signals should not interfere with other signals present in a legacy LTE carrier. This rule does not need to apply for signals that can be configured by the legacy LTE carrier (such as DMRS). Hence the NB-IOT synchronization signals should be designed to avoid overlap with the following LTE signals:

· Legacy PSS / SSS

· Legacy PBCH

· CRS (potentially up to 4 antenna ports)

· The first 4 OFDM symbols of the LTE subframe (which could potentially be used as a control channel region of the legacy LTE carrier)

· Potential MBSFN subframes of the legacy LTE carrier

· Signals specified for LC-MTC, such as MTC-SIB1 and (repeated PBCH)

Proposal 2: The NB-IOT synchronization signals should not overlap with the following legacy LTE signals: PSS / SSS, PBCH, CRS (4 antenna ports), the first 4 OFDM symbols of the LTE subframe, potential MBSFN subframes and LC-MTC signals (MTC-SIB1, repeated PBCH).
3. Conclusion

This document has considered some of the design principles that should be applied to the synchronisation signals for NB-IOT. The following proposals are made:

Proposal 1: The designs for the 15kHz and 3.75kHz NB-IOT numerology synchronization signals should minimize false alarms of (1) legacy LTE terminals onto NB-IOT carriers and (1) NB-IOT terminals onto legacy LTE carriers or incompatible NB-IOT carriers.

Proposal 2: The NB-IOT synchronization signals should not overlap with the following legacy LTE signals: PSS / SSS, PBCH, CRS (4 antenna ports), the first 4 OFDM symbols of the LTE subframe, potential MBSFN subframes and LC-MTC signals (MTC-SIB1, repeated PBCH).
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