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1   Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture. The selection of physical layer will be finalized by RAN #70. 
This paper describes the system information related issues and some proposals are given for the common system information design in higher layer. 
2   Discussion
NB-IOT is a new radio access system, there is no legacy device and there is no need for backward compatibility with existing E-UTRAN system. The system information design is common for all UEs, independently of the level of coverage extension.    

2.1   System information contents
The system information is split into the Master Information Block (MIB) and the System Information Blocks (SIBs). 

The MIB includes a limited number of most essential and most frequently transmitted parameters that are needed to acquire other information from the cell.

The System Information Blocks contain all other information from the cell, typical information needed are: 
-
Scheduling information of the different SIBs (SIB1 in E-UTRAN)

-
General information for UE to evaluate if it is allowed to access the cell (SIB1 in E-UTRAN)

-
Information related to access barring information (SIB2 in E-UTRAN)

-
Cell configuration parameters, e.g. common channel configuration, power control parameters (SIB2 in E-UTRAN)

-
Cell reselection parameters and neighbouring cell information (SIB3, 4 and 5 in E-UTRAN)

A single access barring mechanism is required according to TR 45.820 [2], a single set of barring parameters needs to be broadcast.

NB-IOT devices only support a limited set of functionality compared to E-UTRAN. In particular, there is no support for functionality such as Inter-RAT mobility, PWS, MBMS, WLAN, ProSe. 
Proposal 1.1: Similar system information as carried in E-UTRAN SIB 1, 2, 3, 4, and 5 is supported

Proposal 1.2: There is no need for an equivalent of SIB 14 (EAB) 

Proposal 1.3: Equivalent of SIBs 6, 7 and 8 (inter-RAT mobility), 9 (Home eNB), 10, 11 and 12 (PWS), 13 and 15 (MBMS), 16 (GPS & UCT time), 17 (WLAN), 18 and 19 (Prose) are not supported in NB-IOT.

The detailed design of the SIBs and their parameters is dependent of the physical layer, in particular the number of bits that the SIB can carry. The reduced bandwidth of NB-IOT, the need to reach UE in deep coverage and the requirement on the device battery life require that the amount of system information is kept to a minimum (a few hundred bits for the full system information was assumed during the SI in GERAN). This can be achieved by e.g. using fixed value instead of broadcast value, broadcasting index to predefined configuration.
Proposal 1.4: The total size of the system information should be kept to the strict minimum. 

2.2   System information scheduling
The system information scheduling is dependent of the physical layer design, i.e. whether a dedicated channel (PBCH) is used as proposed for NB-CIOT in TR 45.820 or a shared channel (PDSCH) is used as in E-UTRAN. 
Very dynamic ways of scheduling system information as used in E-UTRAN are complex and inefficient in a system supporting extreme coverage scenarios. It also has impact on the device battery consumption and thus should be avoided.

Proposal 2.1: Static or semi-static resources are used for the system information broadcast in NB-IOT.

Proposal 2.2: There is no concept of SI-window and SI-windowlength in NB-IOT. The SIBs are transmitted at a predefined point of time.

To allow large coding gain and time diversity and reach UEs in extreme coverage, the same system information is repeated multiple times, the UE can combine the repetitions of the system information message. 
Proposal 2.3: The UE can acquire the SIB by combining multiple repetitions.
Different system information may have different scheduling requirement (periodicity) and some SIBs may be optional, i.e. only needed in some particular scenarios. The scheduling information (presence and periodicity) of the different SIBs is signalled in SIB1.

Proposal 2.4: Scheduling (presence and periodicity) of the SIBs is broadcast in SIB1.

2.2.1   System information change notification

In NB-IOT, according to the traffic model in TR 45.820, the UE is in long sleep mode most of the time and does not monitor the paging channel. Therefore, notification of system information change via the paging message is not useful.

Proposal 3.1: notification of system information change via the paging message is not supported

When the UE wakes up in RRC_IDLE mode to monitor paging at its paging occasion or to perform an access, it needs to check whether the system information has changed by reading the system information value tag. As shown during the SI in GERAN, in order to fulfill the battery life and latency requirements, it is essential to limit the amount of system information that the UE needs to acquire when it wakes up. As a result, we have the three following proposals:  

Proposal 3.2: The system information value tag is carried in the MIB.

Proposal 3.3: An indication of which SIB has changed in the BCCH modification period is provided.

Proposal 3.4: The system information validity period is increased to the range of 24 hours.

2.2.2   System information acquisition 
The UE shall apply the system information acquisition procedure in RRC_IDLE mode upon selecting (e.g. upon power on) and upon re-selecting a cell, upon return from out of coverage, or upon detecting that the system information has changed. The UE needs to have a valid set of system information before accessing the network in RRC-IDLE mode.  

Proposal 4.1: When the UE wakes up from sleep in RRC_IDLE, the UE reads the MIB to check if the system information has changed.

In NB-IOT, the UE is RRC_CONNECTED mode only for a short period of time, typically the time necessary to transmit one autonomous report and receive the application acknowledgement; an indicative period of 20 seconds from the last transmit/receive activity to entry into a low power mode (eDRX or PSM) is provided in TR 45.820 [2]. With the assumption that the system information changes very infrequently in NB-IOT, it is proposed that the UE does not need to monitor SI changes and does not need to acquire system information in RRC_CONNECTED mode. The network can release the UE if acquiring the new system information is needed.
Proposal 4.2: Detection of system information change and acquisition of system information in RRC_CONNECTED mode is not supported.

3   Conclusion

In this document, we discussed some aspects of the system information broadcast and made the following proposals:

System information contents:

· Proposal 1.1: Similar system information as carried in E-UTRAN SIB 1, 2, 3, 4, and 5 is supported

· Proposal 1.2: There is no need for an equivalent of SIB 14 (EAB) 

· Proposal 1.3: Equivalent of SIBs 6, 7and 8 (inter-RAT mobility), 9 (Home eNB), 10, 11 and 12 (PWS), 13 and 15 (MBMS), 16 (GPS & UCT time), 17 (WLAN), 18 and 19 (Prose) are not supported.

· Proposal 1.4: The total size of the system information should be kept to the strict minimum. 

System information scheduling:

· Proposal 2.1: Static or semi-static resources are used for the system information broadcast in NB-IOT.

· Proposal 2.2: There is no concept of SI-window and SI-windowlength in NB-IOT. The SIBs are transmitted at a predefined point of time.

System information change notification:

· Proposal 3.1: Notification of system information change via the paging message is not supported

· Proposal 3.2: The system information value tag is carried in the MIB.

· Proposal 3.3: An indication of which SIB has changed in the BCCH modification period is provided.

· Proposal 3.4: The system information validity period is increased to the range of 24 hours.

System information acquisition:

· Proposal 4.1: When the UE wakes up from sleep in RRC_IDLE, the UE reads the MIB to check if the system information has changed.

· Proposal 4.2: Detection of System information change and acquisition of system information in RRC_CONNECTED mode is not supported.
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