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1 Introduction
In RAN #77 meeting, revised WID RP-172063 on Further NB-IoT enhancements was adopted [1]. One of the objectives is latency reduction. 

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 RAN1 #89 meeting, the following techniques were discussed for reducing system acquisition time [2]. 
· Additional transmissions of NPSS/NSSS in subframes other than those used in Rel-13 for in-band, guard-band and standalone are not considered in Rel-15 for an anchor carrier

· FFS: NPSS/NSSS transmission using unused 3-OFDM symbols in existing subframe#5,9 on anchor carrier at least for stand-alone and guard band modes

In this contribution, we discuss cell search enhancement especially extended NPSS/NSSS transmission for standalone/guard band mode for NB-IoT. 

2 Discussion on extended NPSS/NSSS transmission for standalone/ guard band mode

In Rel-13/Rel-14 NB-IoT, NPSS is transmitted in subframe #5 while NSSS is transmitted in subframe #9. For standalone and guard band operation mode, the first three OFDM symbols are not used. To avoid unnecessary resource waste and improve cell search performance, the unused three OFDM symbols can be considered for extended NPSS/NSSS transmission.

For extended NPSS transmission, if extended NPSS sequence is used to improve the cell search performance of Rel-15 NB-IoT UEs, the negative impact on synchronization procedure of Rel-13/14 NB-IoT UEs (e.g., increase of miss detection rate) should be avoided as far as possible. The extended NPSS sequence should have the characteristic of good auto-correlation property and good cross-correlation property with legacy NPSS sequence. The following two options on extended NPSS sequence can be considered:

· Option-1: using ZC sequence with root index different from Rel-13 NPSS 

· Option-2: using ZC sequence with same root index as Rel-13 NPSS but extending the sequence length to 14

Regarding extended NSSS transmission, considering that NSSS detection is after the time/frequency synchronization procedure based on NPSS detection, there is no negative impact on synchronization procedure of Rel-13/14 NB-IoT UEs. The following two options on extended NSSS sequence can be considered:

· Option-1: using cyclic extended sequence based on existing NSSS sequence

· Option -2: using new sequence with the length matched to 3 OFDM symbols

Proposal 1: For standalone and guard band mode, extended NPSS/NSSS transmission using unused 3-OFDM symbols can be considered if the extended NPSS/NSSS can significantly improve the synchronization performance and has no negative impact on synchronization performance of Rel-13/14 NB-IoT UEs.

The extended NPSS/NSSS are mainly used for synchronization after initial cell search. For initial cell search, since Rel-15 NB-IoT UEs don’t know the operation mode and whether there has extended NPSS/NSSS transmission. Whether the first 3 OFDM symbols are used for extended NPSS/NSSS transmission can be configured by SIB1-NB. Once an NB-IoT UE detects configuration of extended NPSS/NSSS transmission, the UE would assume that extended NPSS/NSSS transmissions always exist regardless of modification of SIB-NB. Initial cell search of Rel-15 NB-IoT UEs can be always based on Rel-13/14 NPSS/NSSS. Up to UE’s implementation, blindly detecting of extended NPSS/NSSS can be used as supplementary for cell search. 

Proposal 2: If unused 3-OFDM symbols used for extended NPSS/NSSS transmission is supported, whether the first 3 OFDM symbols being used for extended NPSS/NSSS transmission can be configured by SIB1-NB.
3 Conclusions

In this contribution, we have discussed the extended NPSS/NSSS transmission for standalone/guard band mode for NB-IoT. We make the following proposals: 
Proposal 1: For standalone and guard band mode, extended NPSS/NSSS transmission using unused 3-OFDM symbols can be considered if the extended NPSS/NSSS can significantly improve the synchronization performance and has no negative impact on synchronization performance of Rel-13/14 NB-IoT UEs.

Proposal 2: If unused 3-OFDM symbols used for extended NPSS/NSSS transmission is supported, whether the first 3 OFDM symbols being used for extended NPSS/NSSS transmission can be configured by SIB1-NB.
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