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Discussion and Decision
1 Introduction

One of the objectives of the new Release 15 WI 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
At the RAN1#88bis meeting, the following list of techniques were agreed for further study:

· 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
Then at the RAN1#89 meeting, these additional agreements were made:

· 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
Most recently at the RAN1#90 meeting, the following agreements were arrived at:

· For enhancement of MIB-NB acquisition time, the following candidates are considered:
· Options 1: Using the unused 3-OFDM symbols in subframe#0 on the anchor carrier in standalone and guard-band operation modes
· Option 2: Introducing additional subframe(s) for NPBCH transmission, FFS if there is a possible restriction to non-anchor carriers
· Option 3: Enhanced MIB-NB decoding techniques, e.g. combining the NPBCH across several MIB-NB TTIs. 
· At least the following issues are FFS regarding whether to introduce support for the network to optionally transmit additional repetitions(s) of SIB1-NB, in subframe(s) other than R13 existing SIB1-NB transmission subframes:
· The position of the subframe(s) for additional Rel-13 SIB1-NB repetitions
· The scrambling on the new additional repetitions of SIB1
· The pattern of mapping to resource elements for the additional repetition(s) (e.g., order of coded bits-to-subframe allocation)
· If a SIB1-NB with additional subframe(s) can be transmitted on a non-anchor
· How the UE determines if the additional subframe(s) are being transmitted
· The number of additional subframe(s)
· How to handle correct understanding of NPDCCH/NPDSCH transmission for legacy NB-IoT UEs.
At the at the RAN1#90-bis meeting, the following agreements were arrived at:
· SIB1-NB can be additionally transmitted in subframe(s) other than Rel.13 existing SIB1-NB transmission subframes on the anchor-carrier.
· Additional SIB1-NBs are transmitted on subframe #3
· The periodicity of additional SIB1-NB transmissions is 20 ms and in the same radio frame as legacy transmission
· FFS the supported number(s) of additional transmissions of SIB1-NB
· There is no signalling of the number of additional SIB1-NB transmissions
· The TBS, coding, and modulation of additional SIB1-NB repetitions are the same as the existing ones for Rel.13 SIB1-NB
· FFS scrambling
· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission
· When additional SIB1-NBs are transmitted, the subframe(s) carrying additional SIB1-NB(s) can be declared as invalid downlink subframe by downlinkBitmap
· Rel.15 UEs interpret invalid downlink subframes whose indices are corresponding to additional SIB1-NBs transmissions but not carrying additional SIB1-NB (and NSSS) as valid downlink subframes
· Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB
· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers
In this contribution, we consider three of the FFS items from the last meeting relating to reduced system acquisition time.
2 Reducing system acquisition time
Per RAN1#90-bis agreements, it was agreed that on the anchor carrier additional repetitions of SIB1-NB could be transmitted with a periodicity of 20ms in subframe #3 in the same radio frame as the legacy transmission.
The first FFS issue we would like to discuss is the following FFS from the last meeting.

· FFS the supported number(s) of additional transmissions of SIB1-NB
In our view, additional repetitions of SIB1-NB should only be available when the repetition number of SIB1-NB is configured to the current maximum of 16 in the MIB-NB, because:
· It is preferable to use existing known SIB1-NB repetition configurations, than to use this additional repetition that may or may not be available subject to the MBSFN configuration. 
· Limiting the use of these extra repetitions, limits the amount of blind decoding the UE needs to perform to determine if there are additional SIB1-NB repetitions in SF#3 available.
Proposal 1: 
Only support additional transmissions of SIB1-NB when the number of repetitions indicated in the MIB-NB for SIB1-NB, is set to 16.

Another FFS issue from the last meeting, is:
· FFS: The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission can be interleaved compared to the existing SIB1-NB transmission
According to the current channel coding and resource mapping rules for SIB1-NB, the SIB1-NB TB is encoded using a rate 1/3 TBCC and the encoded bits are then stored in circular buffer. These bits are fragmented into 4 unique parts that are then transmitted repeatedly (#repetitions subject to configuration) over a 160ms period. Currently these SIB1-NB parts are sequentially transmitted, i.e. coded bits are mapped sequentially over the available resources, within 160msec so that some channel coding gain can be acquired in a similar way to IR(Incremental Redundancy)-based HARQ retransmission.
Based on [2], there are possible performance gains to be obtained from interleaving the separate parts of SIB1-NB.  However, for the reasons below, it is proposed that the additional repetitions of SIB1-NB sent in SF#3, are aligned to the legacy transmissions in the same radio frame. 

· the size of these gains from interleaving diminish with smaller SIB1-NB sizes 
· UE complexity is expected to increase with having to support interleaved SIB1-NB parts
Proposal 2: 
The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission are aligned to the legacy SIB1-NB transmission in the same radio frame.
The final FFS we would like to discuss here, is below:
· FFS if additional SIB1-NB transmissions are also supported on non-anchor carriers
Given that repetitions of SIB1-NB have been agreed for the anchor carrier, the only scenario we can see for justifying a non-anchor carrier option for additional repetitions is when SF#3 was reserved for eMBMS traffic.  Given the relatively low likelihood of eMBMS being deployed to a level where even SF#3 was required even though nb-IoT was also present, we do not feel it is necessary to add a non-anchor carrier option for this release.
Proposal 3:  
No non-anchor carrier option to support additional SIB1-NB repetitions is specified for this release.
3 Conclusions

In this contribution, we considered three of the FFS items from the last meeting relating to reduced system acquisition time, and generated the following proposals:

Proposal 1:  
Only support additional transmissions of SIB1-NB when the number of repetitions indicated in the MIB-NB for SIB1-NB, is set to 16.
Proposal 2:  
The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission are aligned to the legacy SIB1-NB transmission in the same radio frame.
Proposal 3:  
No non-anchor carrier option to support additional SIB1-NB repetitions is specified for this release.
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