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In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reducing latency and power consumption, improving measurement accuracy, enhancing NPRACH reliability and range, and reducing system acquisition time etc. [1]. By reducing system acquisition time, both latency and energy efficiency of NB-IoT can be further improved. 
In RAN1#89, regarding system acquisition time reduction, the way forward below was agreed.
· 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 the remaining open issues.
Discussion
Among the three NB-IoT deployment modes, the in-band deployment requires the longest system acquisition time due to lower transmit power level and puncturing that may occur on NPSS and NSSS resources. Table 1 shows synchronization time required for standalone, guard-band and in-band modes at 164 dB coupling loss. The 90th-percentile synchronization time for the in-band mode for example is more than 1 second longer than that for standalone.

Table 1: Required synchronization time in NB-IoT standalone and in-band deployment modes. (20 ppm oscillator accuracy assumed)
	
	Standalone
(164 dB coupling loss)
	Guard-band
(164 dB coupling loss)
	In-band
(164 dB coupling loss)

	Target SNR
	-4.6 dB
	-12.6 dB
	-12.6 dB

	Synchronization time (90th-percentile UEs)
	264 ms
	1014 ms
	1284 ms

	Average synchronization time
	118 ms
	470 ms
	582 ms



Observation 1: Cell search performance in the in-band operation mode is worse than in stand-alone and guard-band modes. 
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NPSS/NSSS transmission using the 3 unused OFDM symbols in existing subframes carrying NPSS and NSSS can be considered only for standalone and guard-band modes. As mentioned earlier, it is however the in-band mode that has the longest synchronization time.
Observation 2: In the in-band operation mode, it is not possible to use the first 3 OFDM symbols in an NPSS subframe for additional NPSS transmissions.

Although using the 3 unused OFDM symbols for NPSS may improve the performance of Rel-15 UEs in the standalone and guard-band modes, it may also cause confusion to Rel-13/14 UEs. The confusion arises due to the change of NPSS cover-code auto-correlation properties. Note that the cover code used for NPSS is only length-11, whose autocorrelation function does not have a high main-to-side lobe ratio. This may cause legacy UEs already deployed in the field to lock onto a wrong synchronization point. Such a negative impact may degrade legacy UE performance. Note also that there might be different NPSS detection algorithm used in legacy UEs, it is difficult to assess the vulnerability of deployed UEs toward such potential sync point confusion.
Observation 3: Considering Rel-13/14 NPSS uses a short cover code of length 11, extending the cover code to length 14 in Rel-15 may result in legacy UEs having certain NPSS detector implementations locking onto an erroneously synchronization point.

Considering that such an approach does not improve in-band performance and may potentially negatively impact legacy UE performance in the stand-alone and guard-band modes, we propose that Rel-15 does not consider using the 3 unused OFDM symbols in subframes carrying NPSS for additional NPSS transmissions.
Proposal 1: Rel-15 does not consider using the 3 unused OFDM symbols in subframes carrying NPSS for additional NPSS transmissions.
Conclusions
In this contribution, we discuss the remaining issues regarding cell search improvement for system acquisition time reduction. Based on the discussions presented in this contribution, the below observations and proposal are made.
Observation 1: Cell search performance in the in-band operation mode is worse than in stand-alone and guard-band modes. 
Observation 2: In the in-band operation mode, it is not possible to use the first 3 OFDM symbols in an NPSS subframe for additional NPSS transmissions.
Observation 3: Considering Rel-13/14 NPSS uses a short cover code of length 11, extending the cover code to length 14 in Rel-15 may result in legacy UEs having certain NPSS detector implementations locking onto an erroneously synchronization point.
Proposal 1: Rel-15 does not consider using the 3 unused OFDM symbols in subframes carrying NPSS/NSSS for additional NPSS/NSSS transmissions.
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