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1 Introduction

In RAN#75, a new WID on further NB-IoT enhancements was approved [1]. One of the objectives is for the reduced system acquisition time:
Reduced system acquisition time [RAN1 lead, RAN2, RAN4]
· Improved cell search and/or system information (at least MIB-NB) acquisition performance, for all operation modes
In this paper, the issue of cell search improvements is discussed. The first part of this paper analyzes the unoccupied resource on the anchor carrier in standalone and guard-band operation mode. The second part provides some considerations for reusing the unoccupied resource of the first three OFDM symbols in the NPSS subframe, NSSS subframe and NPBCH subframe.
These resources were left unused in Rel-13 as optimizations during the expedited standardization effort were focused on in-band. However, as NB-IoT will be deployed in future where more NR deployments are present, the demand for standalone deployments will rise, and it makes sense not leave these OFDM symbol resources permanently unused.
2 Cell search improvements for standalone and guard-band
2.1 Unoccupied resource on the anchor carrier
According to the current specification, the first three OFDM symbols of every NPSS subframe, NSSS subframe and NPBCH subframe do not carry any signal in the standalone and guard-band operation mode, as well as in-band mode. As Figure 1 shows, there are 15 (3*5) OFDM symbols empty per 20 milliseconds on the anchor carrier, including 9 OFDM symbols from NPSS/NSSS subframes and 6 OFDM symbols from NPBCH subframe. So it can be simply calculated that the ratio of unoccupied resource on the anchor carrier is about 15/(20*14) = 5.4%.
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Figure 1 Resource waste on the anchor carrier
Observation 1: There is about 5.4% resource which is unoccupied on the anchor carrier under standalone and guard-band operation mode.

2.2 Use the unoccupied resource of first three OFDM symbols
A natural optimization is to use the first three OFDM symbols to transmit a useful signal. Possibilities include to use the first three OFDM symbols in NPSS subframe to extend NPSS, in NSSS subframe to extend NSSS, in NPBCH subframe to extend MIB-NB codeword. In this way, one subframe continues to carry just one kind of signal.
· Benefit analysis
Considering the number of resource, there are 14 OFDM symbols used in the NPSS/NSSS/NPBCH subframe after extension, while there are 11 OFDM symbols before the extending. So it can be expected to achieve a performance gain with about 10*lg (14/11) = 1 dB for the cell search and MIB-NB acquisition, and the SI acquisition time could be also reduced accordingly.
Observation 2: Using the unoccupied first three OFDM symbols within one sub-frame is expected to bring about ~1 dB gain for the performance of cell search and MIB-NB acquisition.
· Impact analysis
· Backward compatibility
The backward compatibility could be achieved as long as the last 11 OFDM symbols in the subframe are kept as the same as in Rel-13/Rel-14. 
· False alarm issue for Rel-13/14/15 UE to detect the extended NPSS
Since UE decodes the NSSS and NPBCH after the time/frequency synchronization, so there is no extra false alarm introduced while reusing the first three OFDM symbols in the NSSS subframe and NPBCH subframe.
For the NPSS, when a Rel-13/Rel-14 UE detects the Rel-15 NPSS, the false alarm probability may be increased to some degree due to the interference of the first three OFDM symbols. But this issue could be solved by designing a good sequence used in the first three OFDM symbols in NPSS subframe. Actually if the extended NPSS sequence can have a good cross-correlation character with the legacy 11-symbol NPSS sequence, then the performance can be guaranteed for Rel-13/Rel-14 UE while detecting the Rel-15 NPSS.
And the extended NPSS should also have a good auto-correlation character to guarantee a robust performance for Rel-15 UE to detect the extended NPSS.
Observation 3: Extending NPSS to use the first three OFDM symbols in standalone and guard-band operation modes needs to take account of false alarm rate for legacy UEs, and auto-correlation.
· Adaptive scenarios 

The extending for NPSS/NSSS/NMIB can be only applied in standalone and guard-band operation mode, since PDCCH occupies first three OFDM symbols in every subframe on an in-band carrier.

Rel-13/14 UEs can still detect the NPSS/NSSS/NPBCH of Rel-15 since the last 11 OFDM symbols are kept as the same as Rel-13/14.

For the Rel-15 UEs, if the UE does know the operation mode before detects the NPSS/NSSS/NPBCH, it can choose a correct way to do the detection or decoding, i.e. use the extended one for standalone/guard-band and use the original one for in-band. If it does not know the operation mode, the UE should use the original 11-symbol NPSS/NSSS/NPBCH to do the detection or decoding. But in realistic, UE knows the operation mode of the carrier on which the UE detects NPSS/NSSS/NPBCH, so the benefit can be obtained at most cases.
Based on the analysis above, we make the following proposals:
Proposal: For standalone and guard-band operation modes, use the first three OFDM symbols in the NPSS subframe, NSSS subframe and NPBCH subframe to extend the NPSS sequence, NSSS sequence, and MIB-NB codeword respectively.

The proposed method in this paper is just one of the methods for the improvements of the cell search and/or SI acquisition performance, and some other optimized methods can be also considered.
3 Conclusions
In this paper, the issue of cell search improvements is discussed. Some considerations are provided to use the unoccupied first three OFDM symbols in the NPSS subframe, NSSS subframe and NPBCH subframe. Several observations and proposals are made in this paper.
Observation 1: There is about 5.4% resource which is unoccupied on the anchor carrier under standalone and guard-band operation mode.
Observation 2: Using the unoccupied first three OFDM symbols within one sub-frame is expected to bring about ~1 dB gain for the performance of cell search and MIB-NB acquisition

Observation 3: Extending NPSS to use the first three OFDM symbols in standalone and guard-band operation modes needs to take account of false alarm rate for legacy UEs, and auto-correlation.
Proposal: For standalone and guard-band operation modes, use the first three OFDM symbols in the NPSS subframe, NSSS subframe and NPBCH subframe to extend the NPSS sequence, NSSS sequence, and MIB-NB codeword respectively.
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