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1 Introduction
In RAN2 #93 meeting, the following agreements were made for system information scheduling in NB-IoT.

-
The schedulingInfoSIB1 for NB-IoT is defined as an index-based approach (similarly to eMTC); details are left FFS (e.g. index range and information that would indicate).
-
To take as baseline legacy BCCH modification period range, i.e. up to 40.96s; the extension of this range is left FFS until RAN1/2 further progress on their SIB design. BCCH modification excludes changes to MIB and SIB1.
-
The range of the NB-IoT SI window length is different and extended in comparison to Rel-13 eMTC; value range details are FFS until RAN1/2 further progress on their SIB design.
-
The range of the NB-IoT SI period lengths is different and extended in comparison to legacy and Rel-13 eMTC; value range details are FFS until RAN1/2 further progress on their SIB design.
-
To define the SI value tag (in MIB) validity time fixed to 24h in NB-IoT design.

-
RAN2 assumes that the time over which SIB1 cannot change may need to be extended compared to eMTC.
=>  The UE is not required to accumulate several SI messages in Parallel.

=>  The UE may need to accumulate an SI message across multiple SI windows, depending on coverage level.

=>  We should define the duration over which the content of NB-IOT SIB1 cannot be changed; details FFS pending RAN1 progress.

The following agreements were made for system information update in NB-IoT.

-
The principles for Update and the related UE assumptions for how the UE detects SI change using both the MIB Value tag and the SI short Value tags is exactly as for eMTC.

To consider the following points related to the SI notification through paging:

-
UEs, using DRX cycle that is greater than the BCCH modification period, do not use the systemInfoModification (which might be sent in paging) to know about changes of the SI message while in RRC_IDLE.

-
UEs, using DRX cycle that is smaller or equal to the BCCH modification period, do use the systemInfoModification (which might be sent in paging) to know about changes of the SI message while in RRC_IDLE.

-
Take as a baseline that the same definition as for eDRX applies for NB-IoT, which is captured in the endorsed CR to 36.331 as "If the UE configured with a DRX cycle longer than the modification period receives a Paging message including the systemInfoModification-eDRX, it acquires the new system information at the next H-SFN boundary defined by H-SFN mod X = 0". X = 1024.

There are still some FFS need to be discussed. In this contribution, based on the previous agreements, some remaining issues for the system information scheduling and system information update mechanism for NB-IoT are discussed.
2 Discussion
2.1 Scheduling
2.1.1 Scheduling of SIB1

In the running CR, there is the following description for SIB1 scheduling with FFS to be solved.

The SystemInformationBlockType1-NB uses a fixed schedule with a periodicity of [TBD] ms and repetitions made within [TBD] ms. TBS for SystemInformationBlockType1-NB and the repetitions made within [TBD] ms are indicated by by schedulingInfoSIB1-NB field in the MIB-NB. 

Editor’s note: SIB1 modification period is FFS
In the current specification, the normal SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms, i.e. there are 1 first transmission and 3 repetitions within 80 ms. For MTC-SIB1, coverage enhancement can be achieved by combining repetitions across multiple legacy 80 ms “SI windows”. In NB-IoT, it is agreed in RAN1 [1] that the period of NB-SIB1 is 256 radio frames, with repetitions {4, 8, 16} within the 256 frames period. The SIB1 periodicity of 256 radio frames may not be enough to receive SIB1 in the highest CE level. It is apparent that the scheduling periodicity needs to be extended to allow sufficient number of repetitions. In order to avoid signalling additional information in MIB, we suggest that the repetitions can be accumulated across multiple SIB1 transmission periods. So that, there is no need to predict the maximum repetition number for highest CE level. 
Proposal 1: SIB1 can be acquired by accumulating the repetitions across multiple 256 radio frames transmission periods, which can be left to UE implementation.
Proposal 2: To update the description in RRC as follows

	The SystemInformationBlockType1-NB uses a fixed schedule with a periodicity of 256 ms. The first transmission of SystemInformationBlockType1-NB is scheduled in every other frame in 16 continuous frames and repetitions made, equally spaced, within the 256 ms period. TBS for SystemInformationBlockType1-NB and the number of repetitions made within the 256 ms period are indicated by schedulingInfoSIB1-NB field in the MIB-NB. The UE may need to accumulate repetitions of SystemInformationBlockType1-NB messages across multiple 256 ms periods, depending on coverage level.


2.1.2 Scheduling of SI message
The concept of SI window and SI periodicity are still applicable for NB-IoT. The length of the SI window is common for all SI messages and is defined by si-WindowLength in NB-SIB1. In eMTC, si-WindowLength-BR-r13 with ENUMERATED {ms20, ms40, ms60, ms80, ms120, ms160, ms200, spare} is defined. In the design, the si-Windowlength should be sufficient for eMTC in NC to acquire SI message within one SI-Window. This should be applicable for NB-IoT as well. While in NB-IoT, there is only one PRB is available compared to 6 PRBs in eMTC. Thus, the lowest value range for SI-window should be extended based on the repetition number of SI messages. 
In RAN1, it is agreed that SIB1 will not change during the period of 40.96s for NB-IoT. The period of NB-SIB1 is 256 radio frames, with repetitions {4, 8, 16}. The repetition number for other SI messages is more than that for SIB1 due to larger TBS. By considering the similar extension by 4 times to 6 timers, the extended value range for SI window can be ENUMERATED {ms80, ms120, ms160, ms240, ms320, ms400, ms560, spare}. For NB-IoT UEs in high CE level, SI messages can be acquired by combining the repetitions across multiple SI windows. Thus, there may be no need to include very large values for SI window length. 
Proposal 3: The value range of si-WindowLength for NB-IoT should be extended by considering the repetition number of SI messages, e.g., ENUMERATED {ms80, ms120, ms160, ms240, ms320, ms400, ms560, spare}.
For SI-periodicity, it is similar to SI-window. The current value range is not enough for the NB-IoT due to reduced bandwidth. The period of SI message defined for LTE and eMTC is si-Periodicity with ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512}. As designed above, each SI window contains enough repetitions for SI messages in normal coverage to decode. SI-periodicity should be long enough to accommodate the SI windows for all SI messages. It is assumed that seven SIBs are defined for NB-IoT, which are SIB1, SIB2, SIB3, SIB4, SIB5, SIB14, and SIB16 in RAN2 #93 meeting. There is about 3~4 SI messages based on the legacy design. Thus, the lowest value range for si-Periodicity should be extended based on the extension of SI-window length. The extended value range for si-Periodicity can be ENUMERATED {rf64, rf128, rf256, rf512, rf1024, rf2048, rf4096}.
Proposal 4: The value range of si-Periodicity for NB-IoT should be extended due to reduced bandwidth by considering the extension of SI-window value range, e.g., ENUMERATED {rf64, rf128, rf256, rf512, rf1024, rf2048, rf4096}.
2.2 BCCH modification period

In Rel-13 eMTC, it is agreed that "Rel-13 LC/EC BCCH modification period can go beyond 10s by use of H-SFN (that is defined for eDRX, i.e. 10 bits in SIB1/SIB1bis). Up to 40s based on legacy calculation of modification period. FFS whether we to go beyond 40s." 

In RAN1, it is agreed that SIB1 will not change during the period of 40.96s for NB-IoT. The period of NB-SIB1 is 256 radio frames, with repetitions {4, 8, 16}. In eMTC, the period of SIB1 is 80 radio frames, and will not change during the period of 5.12s. The repetition number required for other SI messages are larger than eMTC due to the reduced bandwidth and fewer available subframes in NB-IoT. The number of SI messages can be about 3~4. By considering the extension for si-Periodicity above, the current value range of BCCH modification period is not large enough for NB-IoT. Thus, the value range of BCCH modification period also needs to be extended. Based on the maximum value of si-Periodicity, the maximum range of BCCH modification period can be set up to 163.84s (40.96*4). 
The BCCH modification period is calculated as modificationPeriodCoeff * defaultPagingCycle with defaultPagingCycle field is ENUMERATED {n32, n64, n128, n256} and the modificationPeriodCoeff field is ENUMERATED {n2, n4, n8, n16}. Since the value range of defaultPagingCycle is fixed as discussed before, we can consider extending the modificationPeriodCoeff to {n8, n16, n32, n64}. 
Proposal 5: The value range of BCCH modification period also needs to be extended based on the number of SI messages and repetition numbers, the maximum range of BCCH modification period can be set up to 163.84s.

Proposal 6: The defaultPagingCycle can be kept as the current value range, and the value range of modificationPeriodCoeff can be extended to {n8, n16, n32, n64}. 
2.3 System Information Update Notification
In eMTC, it is agreed in RAN1 #82 meeting that “In each Paging Occasion (PO), an RRC idle UE monitors one DCI type. The DCI include an indication (e.g. S_flag). If S_flag=TRUE, the rest of DCI bits carries scheduling information of PDSCH for paging message. If S_flag=FALSE, the rest of DCI bits carries system information update, ETWS, CMAS, and EAB without scheduling information of PDSCH.” It is not clear whether the Rel-13 LC/EC UE shall monitor “notifications by physical layer control channels only” or “the UE can chose to not monitor them and monitor paging instead”.

In RAN2 #93 meeting, it is agreed that we leave it to RAN1 if the DCI with SI change indication can also be used to schedule a paging message. If there is no paging record in PDSCH after PDCCH, UEs anyway have to monitor physical layer control channels. Thus, SI change indication can be carried in DCI. There is no need to schedule paging message only for SI change indication. While if there is paging record after PDCCH, SI change indication can be carried in paging message. So that about 2bits overhead (1bit for System info modification: for DRX <= MP and 1bit for systemInfoModification-eDRX: for DRX >MP) can be saved in DCI. The rest of DCI bits can be used for scheduling information for paging message. This mechanism is also aligned with that in eMTC. 

Proposal 7: The system information change indication (1bit for Systeminfomodification and 1bit for systemInfoModification-eDRX) carried in DCI is supported. UE can monitor notification about system information update through physical layer control channels, as specified in TS 36.211 if there is no paging record after PDCCH. Otherwise, the systemInfoModification can be obtained by paging reception.  
2.4 SIBx-NB
In current TS 36.331 sepc., we have the following TP: 
For NB-IoT, the UE in RRC_IDLE shall:

1> ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information:

2> the MasterInformationBlock and SystemInformationBlockType1 as well as SystemInformationBlockType2 and [TBD];
Editor’s note: list of mandatory system information need to be confirmed

In RAN2#93, the list of SIBs applicable to NB-IoT was agreed.

· The SIB(s) to be considered for NB-IoT:

· SIB1-nb - Cell access/selection, other SIB scheduling

· SIB2-nb - radio resource configuration information

· SIB3-nb - Cell re-selection information for intra-frequency, inter-frequency

· SIB4-nb - Neighboring cell related information relevant for intra-frequency cell re-selection

· SIB5-nb - Neighboring cell related information relevant for inter-frequency cell re-selection

· SIB16-nb - GPS time and UTC info (we can reuse the LTE SIB16)

· SIB14-nb - Access barring

As the NB-IOT SIBs are functionally equivalent to the LTE SIBs, we propose that the same requirement as E-UTRAN applies to NB-IoT.

Proposal 8: Remove the editor’s note and clarify that the MIB, SIB1, and SIB2 to SIB5 are required.

For NB-IoT, the UE in RRC_IDLE shall:

1> ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information:

    2> the MasterInformationBlock and SystemInformationBlockType1 as well as SystemInformationBlockType2 through SystemInformationBlockType5;

3 Conclusion

This paper discusses the system information scheduling for NB-IoT. The corresponding observations and proposals are listed below. 
Proposal 1: SIB1 can be acquired by accumulating the repetitions across multiple 256 radio frames transmission periods, which can be left to UE implementation.

Proposal 2: To update the description in RRC as follows

	The SystemInformationBlockType1-NB uses a fixed schedule with a periodicity of 256 ms. The first transmission of SystemInformationBlockType1-NB is scheduled in every other frame in 16 continuous frames and repetitions made, equally spaced, within the 256 ms period. TBS for SystemInformationBlockType1-NB and the number of repetitions made within the 256 ms period are indicated by schedulingInfoSIB1-NB field in the MIB-NB. The UE may need to accumulate repetitions of SystemInformationBlockType1-NB messages across multiple 256 ms periods, depending on coverage level.


Proposal 3: The value range of si-WindowLength for NB-IoT should be extended by considering the repetition number of SI messages, e.g., ENUMERATED {ms80, ms120, ms160, ms240, ms320, ms400, ms560, spare}.
Proposal 4: The value range of si-Periodicity for NB-IoT should be extended due to reduced bandwidth by considering the extension of SI-window value range, e.g., ENUMERATED {rf64, rf128, rf256, rf512, rf1024, rf2048, rf4096}.
Proposal 5: The value range of BCCH modification period also needs to be extended based on the number of SI messages and repetition numbers, the maximum range of BCCH modification period can be set up to 163.84s.

Proposal 6: The defaultPagingCycle can be kept as the current value range, and the value range of modificationPeriodCoeff can be extended to {n8, n16, n32, n64}. 

Proposal 7: The system information change indication (1bit for Systeminfomodification and 1bit for systemInfoModification-eDRX) carried in DCI is supported. UE can monitor notification about system information update through physical layer control channels, as specified in TS 36.211 if there is no paging record after PDCCH. Otherwise, the systemInfoModification can be obtained by paging reception.  
Proposal 8: Remove the editor’s note and clarify that the MIB, SIB1, and SIB2 to SIB5 are required.

For NB-IoT, the UE in RRC_IDLE shall:

1> ensure having a valid version, as defined below, of (at least) the following system information, also referred to as the 'required' system information:

    2> the MasterInformationBlock and SystemInformationBlockType1 as well as SystemInformationBlockType2 through SystemInformationBlockType5;
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