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Introduction
Narrowband-IoT was introduced in Rel-13 determining basic system structure, and then was enhanced in Rel-14 to support positioning, multi-cast, reduced latency and power consumption and non-anchor operation. In Rel-15 study, further enhancements on NB-IoT are proposed in [1] to support the developed requirement with wider application range and keeping the NB-IoT feature of deep coverage, high connection capacity and low cost.
In the FeNB-IoT work item, enhancements on current system are introduced in [1] and the following objective is provided:
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 this contribution, we discuss possible solutions of reducing acquisition time of MIB-NB and try to analyze drawback of provided solutions.
Discussion
Based on Rel-13 design, in FDD mode, NB-PBCH is transmitted subframe #0 of every radio frame. NB-PBCH consists of 8 independently decodable blocks and transmission period of each block is 80ms. Collection of all 8 blocks is unnecessary in the NB-PBCH decoding process, but reception of more different blocks is helpful for decoding performance. According to [3], 2~3dB gain can be observed when number of coded blocks used for NB-PBCH decoding are doubled.
Therefore, one possible solution for reducing acquisition time of MIB-NB is to increase density of NB-PBCH and to transmit more than one coded blocks in every 80ms duration. For example, there could be additional NB-PBCH transmission in subframe #N in every X radio frame(s). In the 80ms duration of independently decodable block 1, several subframe #N is used as additional NB-PBCH, and in the additional NB-PBCH coded block {2, 2, …} or {2, 2, … 3, 3} or more coded blocks could be transmitted. If the coded blocks transmitted in additional NB-PBCH is received and used for NB-PBCH decoding by NB-IoT UE, the performance gain could be achieved and NB-IoT UE could decoding MIB-NB faster. This solution is a trade-off between overhead of system information and system acquisition time.
Consider that subframe #4 is used for SIB1-NB transmission in one subframe of every other subframe, additional NB-PBCH could use subframe #4 in every 20ms or 40ms when the SIB1-NB is not transmitted in the selected subframe #4 in this cell. The disadvantage is that additional NB-PBCH transmission might introduce interference for SIB1-NB transmission of neighbor cells and impacts inter-cell SIB1-NB coordination performance. Another option is subframe #9 in odd radio frame with 20ms or 40ms period while subframe #9 in even radio frame is used to transmit NSSS. The overhead of MIB-NB increases e.g. 50% or 25% for additional NB-PBCH with periodicity of 20ms or 40ms respectively.
Proposal 1: To increase density of NB-PBCH could reduce system acquisition time at the expense of overhead increasing. The additional NB-PBCH could be used to transmit coded blocks different with the coded block transmitted in subframe #0 in current 80ms duration.
Since In-band, Guard-band and Stand-alone modes use the same NB-PBCH design, and the first three OFDM symbols of subframe #0 are padded for Guard-band and Stand-alone modes, a two-level MIB-NB transmission could be considered to utilize the unoccupied resources. Current MIB-NB transmitted in the last 11 OFDM symbols is regarded as first level transmission, and extra parity bits are transmitted in the first three OFDM symbols of subframe #0 as second level transmission for Guard-band and Stand-alone modes.
NB-IoT UE decodes first level NB-PBCH based on current mechanism and if the decoding fails, NB-IoT UE combines second level information together with first level and tries to decode. If this decoding fails again, NB-IoT UEs wait for next appearance of NB-PBCH transmission.
Proposal 2: A two-level MIB-NB transmission could be considered to utilize unoccupied resource elements for Guard-band and Stand-alone modes.
Conclusion
This contribution discusses possible solutions of reducing system acquisition time and the following proposals are provided:
Proposal 1: To increase density of NB-PBCH could reduce system acquisition time at the expense of overhead increasing. The additional NB-PBCH could be used to transmit coded blocks different with the coded block transmitted in subframe #0 in current 80ms duration.
Proposal 2: A two-level MIB-NB transmission could be considered to utilize unoccupied resource elements for Guard-band and Stand-alone modes.
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