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1 Introduction
In RAN #76 meeting, revised WID RP-171428 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 #88bis meeting, the following techniques were discussed for reducing system acquisition time [2]. 
· 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 #90 meeting, the following agreements were achieved for reducing system acquisition time [3]. 
· 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

· Options 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 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.

In this contribution, we further discuss the considerations on improving system information acquisition performance. 
2 Considerations on improving system information acquisition performance

In order to improve system information acquisition performance, the following two options can be considered: 

· Option-1: Dependent on implementation related to receivers

Cross-subframe channel estimation, power boosting and combined detection across multiple periods can be applied for decoding of NPBCH, SIB1-NB and other SI messages. For example, SIB1-NB accumulation across multiple scheduling periods can improve SIB1-NB decoding performance. Even though SIB1-NB may change at the boundary of modification period but it is not very frequent. Simulation results in [5] show cross-subframe estimation and combined decoding across multiple 640-ms NPBCH periods can significantly reduce the NPBCH decoding time. Simulation results in [6] show cross-subframe estimation and SIB1-NB accumulations across multiple scheduling periods can reduce the SIB1-NB acquisition time. 

· Option-2: Introduction of additional repetitions

When MIB-NB or SIB1-NB transmissions are doubled, corresponding acquisition time can be approximately reduced to half. In Rel-13 NB-IoT, subframe#0 is used for MIB-NB transmission, subframe#5 is used for NPSS transmission, subframe#9 in even frames is used for NSSS transmission, and depending on the parity of PCID, subframe#4 in even frames or odd frames is used for SIB1-NB transmission. Additional repetitions of MIB-NB and/or SIB1-NB only can be located in subframe#9 of odd frames and in subframe#4 of even frames or odd frames. In addition, unused 3-OFDM symbols in subframe#0, #5 and #9 on anchor carrier can be considered to use for additional repetitions of MIB-NB for guard-band and standalone modes.

Considering that SIB1-NB decoding performance can be improved by utilizing NRS in subframe#0, subframe #9 may be a good candidate for additional SIB1-NB repetitions. However, to ensure correct understanding of NPDCCH and NPDSCH transmission for Rel-13/Rel-14 NB-IoT UEs, the subframes for additional SIB1-NB repetitions cannot be configured as valid downlink subframes. In order to ensure that legacy SIB1-NB and additional SIB1-NB repetitions use different scrambling sequences, the scrambling on additional SIB1-NB repetitions needs to be initialized by modified formula different from legacy one. Additional specification work would be expected. Furthermore, whether there has additional SIB1-NB repetitions needs to be indicated by MIB-NB, which causes additional MIB-NB overhead.  If the additional SIB1-NB repetitions are transmitted on a non-anchor carrier, more retuning operations will be needed and position of non-anchor carrier needs to be indicated by MIB-NB, which will cause more power consumption and MIB-NB overhead. 

If additional subframe(s) is considered for additional MIB-NB repetitions, issues similar to additional SIB1-NB repetitions should be considered.

Option 1 has no impacts on RAN1 specification and would not introduce additional overhead. It is applicable for initial access. The only drawback of Option 1 is the increase of implementation complexity. Option 2 has relatively larger specification impact. Furthermore, Option 2 needs relatively larger overhead. In this case, the system spectral efficiency and capacity may be reduced and more serious blocking issue would be caused which has impact on paging, RAR message and DL/UL data transmission. To achieve the same performance as Option 1, since UE needs to decode more DL resources for Option 2, more UE power consumption would be expected. 

Observation 1: When additional SIB1-NB repetitions are introduced on anchor carrier, the scheduling blocking possibility would be increased which may have negative impact on transmission of paging, RAR message and NPDCCH/NPDSCH on anchor carrier.

New mechanisms allowing to skip SIB1-NB and/or SI messages are being discussed in RAN2. Skipping SIB1-NB and/or SI messages reading can significantly reduce the system information acquisition time. If the skipping mechanism is adopted, necessity of additional repetitions would be further reduced. Further, it is suggested that RAN4 evaluate the performance and complexity of implementation related solutions. If implementation related solutions can meet requirement for performance and complexity, there is no need to introduce additional SIB1-NB repetitions.

Proposal 1: Additional SIB1-NB repetitions can be considered only if skipping SIB1-NB and/or SI messages reading mechanism is not adopted in RAN2 and implementation related solutions cannot meet the decoding requirement.
3 Conclusions

In this contribution, we have discussed the considerations on improving system information acquisition performance for NB-IoT. We make the following observations and proposals: 

Observation 1: When additional SIB1-NB repetitions are introduced on anchor carrier, the scheduling blocking possibility would be increased which may have negative impact on transmission of paging, RAR message and NPDCCH/NPDSCH on anchor carrier.

Proposal 1: Additional SIB1-NB repetitions can be considered only if skipping SIB1-NB and/or SI messages reading mechanism is not adopted in RAN2 and implementation related solutions cannot meet the decoding requirement.
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