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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 this contribution, we further discuss the remaining issues on improving system information acquisition performance. 
2 Remaining details on additional SIB1-NB transmission

In RAN1#90bis meeting, it was agreed that additional SIB-NB transmissions can be optionally used to improve the system information acquisition performance. In RAN1#91 meeting, it was agreed that the following issues need further study.
Issue-1: 

In RAN1 #91 meeting, the following agreements were achieved [2]. 
· For the repetition number 4 and 8, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) no additional SIB1-NB transmission

· (Alt.2) half as many as that of the legacy SIB1-NB transmissions

· (Alt.3) the same as that of the legacy SIB1-NB transmissions

In order to avoid the unnecessary system overhead, additional SIB1-NB transmissions should be configured only when SIB1-NB transmission with maximum number of repetitions (i.e., 16) cannot meet the acquisition latency requirement. Compared with simply configuring the repetition number of SIB1-NB to be 16, system information acquisition time would not be reduced by introducing additional SIB1-NB transmission when the repetition number of SIB1-NB is configured to be 4 and 8. 

Proposal 1: For the repetition number 4 and 8, no additional SIB1-NB transmission (Alt.1) is supported. 

Issue-2: 

In RAN1 #91 meeting, the following agreements were achieved [2]. 
· For the repetition number 16, the total number of subframes for additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) the same as that of the legacy SIB1-NB transmissions

· (Alt.2) depends on code rate (e.g., TBS, #CRS/NRS ports, operation mode) of SIB1-NB

· When the code rate of SIB1-NB is equal to or larger than X, additional SIB1-NB subframes are transmitted on every other subframe #3

· Otherwise, additional SIB1-NB subframes are transmitted on every 4th subframe #3

· If the total number of subframes for additional SIB1-NB transmission is less than that of the legacy SIB1-NB transmissions, the starting radio frame index of additional SIB1-NB transmission depends on Cell ID and the number of SIB1-NB repetition scheduled by MIB-NB

· Note that this is not relevant to the case of 4 and 8 repetitions and this does not imply any selection among Alt. 1, 2, 3 in the above agreement

Generally, the total repetition number of SIB1-NB (including original and additional transmission) should be the power of 2. For the SIB1-NB transmission with large repetition number (e.g., 16), the gain by applying additional SIB1-NB transmission with small repetition number (e.g., 4 or 8) is very small.  For Alt 2, when the code rate of SIB1-NB is lower than X, additional SIB1-NB transmission is not necessary. Based on the above reason, for the repetition number 16, the total number of additional SIB1-NB repetitions within the period of SIB1-NB (256 radio frames) equal to 16 is preferred. In other words, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions.

Proposal 2: For the repetition number 16, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions (Alt.1).

Issue-3: 

In RAN1 #91 meeting, the following agreements were achieved [2]. 
· The sequence of coded bits-to-subframe allocation of additional SIB1-NB transmission will be downselected between the following alternatives

· (Alt.1) The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB

· (Alt.2) reuse coded bits generated for existing SIB1-NB transmission while coded bits-to-subframe allocation is circularly shifted as much as 8 radio frames compared to the existing SIB1-NB transmission

· (Alt.3) the coded bits that are mapped to subframe #3 used for additional SIB1-NB transmissions are generated by continuing reading from the virtual circular buffer 

Improving system information acquisition performance is mainly for enhanced coverage scenarios. In this case, the system information acquisition performance is restricted by the received power. For additional SIB1-NB transmission, to achieve more coherent combination gain, a simple way is to transmit the same coded block as existing SIB1-NB transmission in the same radio frame. In other words, the additional SIB1-NB transmission using the same coded bits-to-subframes mapping as the legacy SIB1-NB (Alt.1) should be supported. For Alt.2, the interleaved sequence of coded bits-to-subframe allocation is beneficial for normal coverage UEs since the UEs in normal coverage may need less time to receive all necessary coded SIB1-NB blocks and the system information acquisition latency may be reduced. But for UEs in enhanced coverage, such interleaved transmission scheme cannot reduce SIB1-NB acquisition latency since it cannot maximize the coherent combination gain. For Alt.3, coherent combination cannot be achieved, and thus performance loss of 1~2 dB would be caused.

Proposal 3: The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB (Alt.1).

Issue-4: 

In RAN1 #91 meeting, the following agreements were achieved [2]. 
· Scrambling sequence will be generated and applied to subframes for additional SIB1-NB following one of the alternatives below

· (Alt.1) The additional SIB1-NB reuses the bit-level scrambling mechanism of legacy SIB1-NB, and uses the same symbol-level scrambling mechanism as NPBCH by replacing the initialization equation with

cinit = nRNTI·215 + (NIDNcell + 1)((nf mod 59) + 1)
· (Alt.2) The scrambling sequence generator for additional SIB1-NB transmission is initialized with

cinit = (nRNTI - 1)·215 + (NIDNcell + 1)((nf mod 61) + 1)
· (Alt.3) The sequence used for the new SIB1-NB subframe is generated based on advancing Gold sequence generators used for generating the scrambling sequence in subframe #4 in the same frame by 2560 shifts

· (Alt.4) Keep the same scrambling sequence as the legacy one if the additional SIB1-NB does not use the same coded bits-to-subframes mapping as the legacy SIB1-NB

For the additional SIB1-NB transmission, in order to achieve coherent combination, the same bit-level scrambling sequence as legacy SIB1-NB can be reused. In addition, to achieve interference randomization between adjacent cells (i.e., avoiding coherent combining of interference signal), the symbol-level scrambling (similar to NPBCH) should also be introduced. However, for Alt.1, the bit-level scrambling is initialized with cinit = nRNTI·215 + (NIDNcell + 1)((nf mod 61) + 1), and the system-level scrambling is initialized with cinit = nRNTI·215 + (NIDNcell + 1)((nf mod 59) + 1). When nf is lower than 59, system-level scrambling sequence would be the same as bit-level scrambling sequence. In this case, initialization equation in Alt 2 can be considered for symbol-level scrambling, i.e., cinit = (nRNTI - 1)·215 + (NIDNcell + 1)((nf mod 61) + 1). 
Proposal 4: The system-level scrambling for additional SIB1-NB transmission is introduced, and initialized with cinit = (nRNTI - 1)·215 + (NIDNcell + 1)((nf mod 61) + 1).
3 Considerations on additional MIB-NB transmission

In order to improve MIB-NB acquisition performance, the following two options can be considered: 

· Option-1: Dependent on implementation related to eNB/UE

· Option-2: Introduction of additional transmission

For Option-1, cross-subframe channel estimation, power boosting and combined detection across multiple periods can be applied. Simulation results in [4] show cross-subframe estimation and combined decoding across multiple 640-ms NPBCH periods can significantly reduce the NPBCH decoding time. 

For Option-1, there is no impact on RAN1 specification and additional system overhead would not be introduced. But the UE implementation complexity would be increased. For Option 2, similar to additional SIB1-NB transmissions, much larger specification impact and system overhead would be caused. In this case, the system spectral efficiency and capacity may be further reduced, especially when additional SIB1-NB transmissions are also configured. More serious blocking issue on anchor carrier would be caused which has impact on paging, RAR message and DL/UL data transmission, especially when additional transmissions of both MIB-NB and SIB1-NB are configured on the anchor carrier. For additional MIB-NB transmissions on a non-anchor carrier, the issues similar to additional SIB1-NB transmissions still exist. Additional MIB-NB transmission is not suitable for initial access because the UE cannot get the configuration of additional MIB-NB transmission before receiving MIB-NB. In addition, since UE needs to decode more DL resources for Option 2, more UE power consumption would be expected. 

Proposal 5: Additional MIB-NB transmission is not supported.

4 Conclusions

In this contribution, we have discussed the remaining issues on improving system information acquisition performance for NB-IoT. We make the following proposals: 
Proposal 1: For the repetition number 4 and 8, no additional SIB1-NB transmission is supported. 

Proposal 2: For the repetition number 16, the total number of subframes for additional SIB1-NB transmission is the same as that of the legacy SIB1-NB transmissions (Alt.1).

Proposal 3: The additional SIB1-NB uses the same coded bits-to-subframes mapping as the legacy SIB1-NB (Alt.1).

Proposal 4: The system-level scrambling for additional SIB1-NB transmission is introduced, and initialized with cinit = (nRNTI - 1)·215 + (NIDNcell + 1)((nf mod 61) + 1).
Proposal 5: Additional MIB-NB transmission is not supported.
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