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1 Introduction
In RAN#91bis, email discussions related to system information, and RAN#92, the following agreements were made for handling of system information in NB-IOT. 

· LTE, including eMTC, is used as a starting point for the analysis, for SI. Enhancements will be considered.  

· We assume that we place the SystemInformationValueTag in NB-IOT MIB to enable fast detection of system information change. This can be revisited. 

· The following SI fields are supported based on RAN2#91bis agreements with different values of field than those in Rel-13 LTE. It has been agreed to have this IE or similar in the MIB. 

...

systemInfoValueTag
· Agree that the following SI fields are supported with different values of field than those in Rel-13 LTE
· …
· schedulingInfoList (*)
· si-WindowLength (*)
· We assume that the SI message concept from LTE is applied also in NB-IOT. This can be revisited. 
· We will need to change the SI / value tag validity time. Exact value FFS but might be in the order of 24h. 
This contribution aims to further discuss the system information update concept for NB-IoT.
2 Discussion
2.1 SI update

According to the agreements above, the legacy SI reception mechanism, i.e. SI periodicity, SI window and BCCH modification period, is also applicable to NB-IoT with reservation for new value ranges that might become necessary.

The concept of legacy LTE / Rel-13 eMTC modification period is proposed to be reused for NB-IoT. System information may be transmitted a number of times with the same content within a configurable modification period. As in eMTC, it is here proposed that change of system information relevant for NB-IoT (apart from NB-IoT access barring and SIB16 which are FFS) occurs only at the modification period boundaries. 
Proposal 1: Change of system information relevant for NB-IoT (apart from access barring and SIB16 which are FFS) occurs only at the modification period boundaries.

In NB-IoT, it was earlier agreed to include in MIB a value tag, systemInfoValueTag, indicating if a change has occurred in any of the SI messages. Upon an update of system information, the systemInfoValueTag is updated by the NW. UEs may use systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid. It is here proposed that the same value range (0..31) as Rel-13 eMTC is used for systemInfoValueTag.
Proposal 2: SystemInfoValueTag in MIB indicating if any SI has been updated in the current modification period has the range 0..31.
In legacy LTE, the UE considers stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid. In RAN#91bis, it was agreed to extend this validity timer up to 24 hours. As per agreed in RAN#92 for eMTC, it is proposed for NB-IoT to have a configurable value for the validity timer with a default value of 24 hours. This way, an operator would have the choice to configure the timer. Such configuration could be optional and present in e.g. MIB or SIB1.
Proposal 3: SI content validity timer is configurable and has a default value of 24 hours. It is currently FFS in which SIB the configuration resides.
Additionally, as agreed for eMTC in RAN#92, it is proposed for NB-IoT to optionally define a value tag per SI message. Based on these value tags, the UEs would only capture SI messages that need to be updated rather than reading all SI messages upon a change. These value tags may be optional and part of the scheduling information in SIB1. If not present, the UE only considers the systemInfoValueTag in MIB. 
Proposal 4: Introduce a value tag per SI message. These value tags are optional and part of the scheduling information in SIB1. If not present, the UE only considers the systemInfoValueTag in MIB.
The range of the SI value tags above was discussed for Rel-13 eMTC. There was almost equal support for same amount of bits as in systemInfoValueTag in MIB as there was support for fewer bits. Fewer bits (2 bits) were finally agreed in RAN#92 eMTC as there were concerns for too many bits in scheduling information. The same amount of bits used for each SI message might not be optimal as some SI rarely changes whereas some change often and need more bits for associated value tag to avoid wraparound within the validity time. One could think of that fewer bits might lead to risk of  wrap-around of the SI value tags for SIs that frequently change in case a UE has not followed SI change at every modification info. It is therefore proposed for NB-IoT to have configurable amount of bits per SI value tag up to the same amount of bits as in systemInfoValueTag in MIB (i.e. up to 5 bits). By doing so, an operator can configure the system according to its needs; SI messages changing often could for example be configured to have 5 bits value tag, whereas other SI messages would have fewer bits configured.
Proposal 5: The ranges of the SI-specific value tags are configurable per SI; up to 5 bits.
Proposal 6: The validity time of the SI-message specific value tags is same as for the systemInfoValueTag in MIB.
The concept of legacy LTE / Rel-13 eMTC modification period is reused. System information may be transmitted a number of times with the same content within a configurable modification period. This gives the UEs possibility to soft-combine the contents. Change of system information relevant for NB-IoT (apart from access barring) occurs only at the modification period boundaries. 
Observation 1: System information may be transmitted a number of times with the same content within a modification period.

Proposal 7: The modification period is configured by system information. 

In legacy LTE, upon change of system information, the NW will throughout the current modification period notify the UEs about the change in next notification period; see Figure 1 below.
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Figure 1: depicts the procedure for system information update in relation to modification periods. The different colors indicate different system information. Upon receiving a change notification, the UE acquires the new system information from the start of the next modification period.
Whether notification through paging is possible and/or remains optimal from system capacity point of view in NB-IoT systems depends on what will be decided for DRX cycle range and its relation to the modification period. In cases where the paging/DRX cycle is larger than the modification period, the UE cannot rely on paging and needs to check the systemInfoValueTag. In order to remedy this issue, the following was decided in RAN#92: 

· If eDRX cycle <= BCCH modification period, SI change notification follows the legacy procedure

· If eDRX cycle > BCCH modification period

· UE acquires the systemInfoValueTag just before RRC connection establishment, and reads system information, when needed. 

In other cases, where the eDRX cycle falls within the modification period, the UE could rely on paging, but the network might not find it optimal to page during a long time within the modification period. Hence, another way to control SI update mechanism for the UEs could be through configuration for whether they could rely on being paged at SI update or if they instead should check systemInfoValueTag. The network could e.g. configure a threshold that the UE uses to compare with its DRX cycle. Alternatively, such threshold could be hard-coded/specified in the specifications or based on the value of modification period. If the UE’s DRX cycle is larger than the threshold, then the UE needs to check systemInfoValueTag rather than rely on being paged.  
Proposal 8: Define an optional (e)DRX threshold to be used by NB-IOT UEs for knowing whether they should rely on paging or check the systemInfoValueTag for SI update detection. If UE’s (e)DRX cycle is above the threshold, the UE shall check systemInfoValueTag rather than relying on paging. It is FFS whether such threshold is broadcast in a SIB (e.g. SIB2), conveyed through dedicated signaling, or predefined in the specifications.
Proposal 9: If the optional (e)DRX threshold (in Proposal 9) is not configured, the default behavior is as in eMTC. I.e. if (e)DRX cycle <= BCCH modification period, SI change notification follows the legacy notification procedure, else the UE cannot rely on being notified and has to acquire the systemInfoValueTag for detecting SI update.

In any of the cases above, the concept of modification period is suggested to be followed for NB-IoT with regards to notification.
Proposal 10: In case of SI change notification from the NW, the NW notifies the UEs about change of system information relevant for NB-IoT (apart from access barring and SIB16 which are FFS) in the modification period before the change.

UEs might not always be interested in all SI content updates. For example, a UE might not be interested in updates of SIBs related to connection setup until it wants to set up a connection. Alternately, a UE is good coverage might not be interested in updates of SIBs related to neighbor cell relations. Hence, in order to save power, it would be beneficial for a UE to know whether a SI update notification is related to a SIB of interest without having to read MIB and SIB1. It is therefore suggested that for NB-IoT, in case of SI change notification from the NW, the NW notifies the UEs about which MIB/SIB(s) or alternately SI messages that have changed
Proposal 11: In case of SI change notification from the NW, the NW notifies the UEs about which MIB/SIB(s) or alternately SI messages that have changed. Note that MIB and SIB1 will not be part of such notification in case only value tags are updated. 
In legacy LTE and Rel-13 eMTC, there exist measurement thresholds for controlling whether the UEs need to carry out intra-, and inter-frequency measurements. For NB-IOT UEs in good coverage, such thresholds are useful for the sake of battery power saving. It is therefore suggested in other contributions that similar type of thresholds also exist for NB-IOT.

Assuming that cell reselection parameters will be grouped together into SIBs as in legacy LTE and Rel-13 eMTC (e.g. SIBs 3, 4, and 5 containing cell reselection parameters and neighbouring cell relations), it is beneficial (in terms of battery consumption) for UEs in good coverage (experiencing measurement levels above the thresholds mentioned in Proposal 3) to skip reading of such SIBs. This is especially true in case of frequent update of system information. In such case, UEs do not know which SIBs that have been updated and need to reacquire all SIBs including SIB3-5. Reading of such SIBs would not add any value as the UE would anyways not utilize such SIB contents as long as it is experiencing good coverage. 

Hence, for the sake of battery power saving, it is proposed that UEs experiencing measurement levels above the measurement thresholds mentioned above are allowed to skip reading/updating cell reselection related SIBs.

Such thresholds are in legacy LTE and Rel-13 eMTC included in cell reselection related SIB3 (Sintrasearch and SnonIntraSearch). It is suggested here that cell reselection thresholds are moved into SIB1 in order to enable possibility to skip reading of the cell reselection related SIBs.

Proposal 12: Include measurement thresholds (such as legacy Sintrasearch/Snonintrasearch) in SIB1 so that the UEs experiencing good coverage (above thresholds) are able to skip reading and updating (upon every SI update) cell reselection related SIBs.
3 Summary

In this contribution, NB-IOT system information update mechanism has been discussed. Below is a summary of the observations and proposals: 

Observation 1: System information may be transmitted a number of times with the same content within a modification period.

Proposal 1: Change of system information relevant for NB-IoT (apart from access barring and SIB16 which are FFS) occurs only at the modification period boundaries.

Proposal 2: SystemInfoValueTag in MIB indicating if any SI has been updated in the current modification period has the range 0..31.
Proposal 3: SI content validity timer is configurable and has a default value of 24 hours. It is currently FFS in which SIB the configuration resides.

Proposal 4: Introduce a value tag per SI message. These value tags are optional and part of the scheduling information in SIB1. If not present, the UE only considers the systemInfoValueTag in MIB.
Proposal 5: The ranges of the SI-specific value tags are configurable per SI; up to 5 bits.
Proposal 6: The validity time of the SI-message specific value tags is same as for the systemInfoValueTag in MIB.
Proposal 7: The modification period is configured by system information. 

Proposal 8: Define an optional (e)DRX threshold to be used by NB-IOT UEs for knowing whether they should rely on paging or check the systemInfoValueTag for SI update detection. If UE’s (e)DRX cycle is above the threshold, the UE shall check systemInfoValueTag rather than relying on paging. It is FFS whether such threshold is broadcast in a SIB (e.g. SIB2), conveyed through dedicated signaling, or predefined in the specifications.
Proposal 9: If the optional (e)DRX threshold (in Proposal 9) is not configured, the default behavior is as in eMTC. I.e. if (e)DRX cycle <= BCCH modification period, SI change notification follows the legacy notification procedure, else the UE cannot rely on being notified and has to acquire the systemInfoValueTag for detecting SI update.

Proposal 10: In case of SI change notification from the NW, the NW notifies the UEs about change of system information relevant for NB-IoT (apart from access barring and SIB16 which are FFS) in the modification period before the change.

Proposal 11: In case of SI change notification from the NW, the NW notifies the UEs about which MIB/SIB(s) or alternately SI messages that have changed. Note that MIB and SIB1 will not be part of such notification in case only value tags are updated. 

Proposal 12: Include measurement thresholds (such as legacy Sintrasearch/Snonintrasearch) in SIB1 so that the UEs experiencing good coverage (above thresholds) are able to skip reading and updating (upon every SI update) cell reselection related SIBs.
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