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1 Introduction

One of the objectives of the new Release 15 WI proposal on Further NB-IoT enhancements [1], is the reduction in the 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 RAN1#88bis, the following list of techniques was agreed for further study:

Reduced system acquisition time
· 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 this contribution, we consider the potential techniques for improving system acquisition time.

2 Reducing system acquisition time
The original WID description of this objective clearly states that improved cell search and/or acquisition performance should be for all operation modes, not just say the stand-alone and guard-band operation modes, where the 3 OFDM control symbol region are in principal available.
The WID description does not state a specific target value or scenario for this objective to prioritize enhancements for.  For that information, we consider it is better to refer to the Release-14 LS statement [2] observations from RAN4 on the problem of system acquisition times. In that LS, the following observations are made:
LS Observation 1: 
It is RAN4 understanding that the acquisition delay of the MIB-NB and SIB1-NB may become greater than or equal to the SIB1-NB modification boundary, and then the UE may have to re-acquire the MIB-NB.

LS Observation 2:  Since the SI acquisition delay values for NB-IoT in Table 1 are derived from baseband only simulations, the inclusion of RF impairment margin is expected to increase the delays for both coverage conditions.  

Whilst LS Observation 2 is general, from LS Observation 1 and also the WID objective wording “(at least MIB-NB)”, it is clear that improving the MIB-NB acquisition should be considered a priority.
In our previous paper [3] we mentioned a preference for developing joint decoding techniques on the UE to improve MIB-NB acquisition times.  If that is not an option due to increased UE complexity, then we support the using either or both subframes 4 and 9 in odd numbered radio frames for sending additional repetitions of the NPBCH. 
Proposal 1:
Additional repetitions of NPBCH can be configured in subframe #9 and/or subframe #4 for every odd radio frame on the anchor carrier. 

The use of additional repetitions of NPBCH on a cell can be initially determined by the UE by:

·   By trial and error, like Cat-M1 UEs.
·   Explicitly indicated in SI information 
After determining if additional PBCH repetitions are present, the UE should treat their presence as a long-term property of the cell, like Cat-M1 UEs.
Proposal 2:   The use of additional repetitions of NPBCH can be considered as a long-term property of the cell.
Proposal 3:
The presence of additional repetitions of the NPBCH repetitions can be determined by UEs either by:

· Trial and error 


· Explicit signaling in SI information 
For UEs that frequently perform the neighbour cell search and read the neighbour cell system information, we support the proposal, originally made in [4], for the serving cell SI to contain additional information regarding a target neighbour cell’s relative MIB timing and/or SI content, to allow the UE to skip MIB and/or SI reading in neighbour cells.

Proposal 4:   
The serving cell SI contains additional information (e.g. relative SFN timing) regarding neighbor cells, to enable the UE to skip neighbor cell MIB and/or SI reading.
3 Conclusions

In this contribution, we consider potential techniques for improving system acquisition time and make the following observations and proposal –
Proposal 1:
Additional repetitions of NPBCH can be configured in subframe #9 and/or subframe #4 for every odd radio frame on the anchor carrier. 

Proposal 2:   The use of additional repetitions of NPBCH can be considered as a long-term property of the cell.
Proposal 3:
The presence of additional repetitions of the NPBCH repetitions can be determined by UEs either by:

· Trial and error 


· Explicit signaling in SI information 
Proposal 4:   
The serving cell SI contains additional information (e.g. relative SFN timing) regarding neighbor cells, to enable the UE to skip neighbor cell MIB and/or SI reading.
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