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1 Introduction

One objective of the WI on further enhanced NB-IoT (feNB-IoT) to reduce the system acquisition time [1]. In RAN1 #88bis meeting, the following agreements have been made on the techniques to be considered for the improvement of system acquisition performance [2]:
Agreement:
· For reduced system acquisition time for NB-IoT, at least the following candidates can be considered

· Enhancement(s) to NPSS/NSSS

· Enhancement(s) to MIB-NB 

· SIB1-NB accumulation across multiple SIB1-NB TTIs (with or without specification impact)

· New mechanism allowing to skip SIB1-NB and/or SI messages and/or MIB-NB reading

· Additional SIB1-NB is transmitted on other subframes in addition to the existing SIB1-NB transmission

· Use of physical signal/channel in agenda item 7.2.7.1.1 (if introduced)

· FFS on other SIBx-NB

· Details of all solutions are FFS

· Solutions need to be backwards compatible and take care of impacts to Rel-13/Rel-14 networks

In RAN1 #89 meeting, the following agreement is further made on the techniques to be considered for the improvement of system acquisition performance [3]:

Agreement

· 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 share our views on the possible enhancements that could be included in Rel-15 to improve the MIB-NB acquisition delay.

2 Discussion

The core and performance parts of the radio resource management specification TS 36.133 [4] provides the delay requirements for paging interruption, cell re-selection delay, and RRC re-establishment delay, as shown in Table 1 below. 
Table 1: Summary of RRM procedure delays based on system acquisition performance for NB-IoT
	Parameter
	Cat 0
	Cat NB1 in NC
	Cat NB1 in EC

	Paging interruption
	1330
	8420
	41660

	Cell re-selection to detected cell
	8000
	14820
	54360

	RRC re-establishment
	1500
	9900
	72540

	NOTE 1:  The parameters T_MIB-NB and T_SI are defined in TS 36.133
NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively

NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin

NOTE 4: The SIB2-NB acquisition delay depends on network configuration


RAN4 has defined the typical SNR conditions for coverage extension scenarios to be -6 dB for normal coverage (NC) and -12 dB for enhanced coverage (EC) [4]. However, in [5] and [6], it is shown that this target cannot be achieved when decoding NPBCH using a single TTI, and multiple TTIs are needed, where the NPBCH simulation results are illustrated in Figure 1.
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Figure 1: a) NPBCH simulation results [6];
b) NPBCH simulation results using multiple NPBCH TTI [5].
On the other hand, According to the NPBCH demodulation requirement in TS 36.101, the required SNR to achieve 1% error rate in NPBCH decoding using a single PBCH TTI is -2.0 dB. This implies that additional enhancements should be considered in order to improve the MIB-NB acquisition time and bridging the gap of 4 dB for “normal coverage” within a single PBCH TTI. Motivated by this, in this contribution we provide our view on how to fill this gap in Rel-15. 
In Rel-13 NB-IoT, the design of NPBCH is as in Figure 2.
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Figure 2: NPBCH in Rel-13 NB-IoT
In order to improve the performance one approach is to double the total number of NPBCH symbols available to a Rel-15 feNB-IoT UE.  These symbols can be added as additional repetitions of the Rel-13 NPBCH symbols in the same carrier where NPBCH symbols are transmitted but in different subframes. Figure 3 below illustrates an example where the enhanced NPBCH repetitions are added to SF4 during each odd numbered frame.
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Figure 3: Proposed enhanced repetition of NPBCH in SF4
We note that subframes other than SF4 may be possible. This achieves 50% of the anticipated symbol density. Another potential approach is to place the enhanced repetition of NPBCH in SF9 during each odd numbered frame, as shown in Figure 4 below.
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Figure 4: Proposed enhanced repetition of NPBCH in SF9
The two alternatives together increase the NPBCH symbol density by 100%.

Another approach is to add NPBCH repetitions in subframes corresponding to both alternatives, such as shown in the example in Figure 5 below.
The mechanism of informing the UE that additional resources are available may be either defined in the specification (e.g. as a Rel-15 requirement) or as a parameter signaled by the higher layers in the system information block (SIB), or via blind detection by the UE but considered as a “long-term property of the cell”.  In the case of the latter mechanisms, the UE may be required to utilize the enhanced PBCH repetitions for procedures other than initial cell access.
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Figure 5: Proposed enhanced repetition of NPBCH in SF4 and SF9
Proposal 1:
· The NPBCH coverage should be enhanced and acquisition delays reduced by support of additional repetitions of NPBCH in Rel-15 feNB-IoT.
· Consider additional NPBCH repetitions in at least subframe #9 or subframe #4 in every odd radio frame. 

3 Conclusion

In this contribution, we share our views on the possible enhancements in Rel-15 to improve the MIB-NB acquisition performance. Based on the discussion presented, we summarize our views using the following proposal:

Proposal 1:

· The NPBCH coverage should be enhanced and acquisition delays reduced by support of additional repetitions of NPBCH in Rel-15 feNB-IoT.
· Consider additional NPBCH repetitions in at least subframe #9 or subframe #4 in every odd radio frame. 
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