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1 Introduction
In RAN2 #91bis and NB-IoT Ad-hoc meeting, the following agreements were made for system information update in NB-IoT [1].

· RAN2 should allow for extension of system information messages for NB-IoT in future releases.

· 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. 

· We will need to change the SI / value tag validity time. Exact value FFS but might be in the order of 24h.
· Besides UE acquiring Value Tag before RRC connection, paging is used for SI change notification for information that is needed to keep the UE reachable in Idle mode (as for eDRX for LTE). It is FFS if such paging is done only by PDCCH or also includes a paging record. 

· For NB-IoT, per SI-message value tag should be defined in SIB1, similarly to that of eMTC. 
In RAN2#92 the system information update has been further discussed and the following agreements have been made for LTE eDRX [2].
For the system information update

· 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

· In addition, paging notification of SI update is supported 

· Paging notification mechanism

· A new indication systemInfoModification-eDRX is defined in Paging message
· When receiving the indication, eDRX UE acquires the new SI at the radio frame boundaries defined by
· H-SFN mod m_eDRX = 0, where m_eDRX
· Working assumption is that m_eDRX is the maximum eDRX cycle. 
· Notify LC-MTC RAN1 of the new systemInfoModification-eDRX and recommend that RAN1 includes this in their DCI format similar to systemInfoModification
· H-SFN is provided in SIB1 or SIB1bis only

· The assumption is that the UE determines eDRX capability only on NAS signalling.  
In this contribution, based on the previous agreements, the system information update mechanism for NB-IoT is discussed.
2 Discussion
2.1 Paging related system information
It is agreed that paging notification of SI update for UE in eDRX is supported. Due to the UE only acquiring the new SI at the radio frame boundaries defined by H-SFN mod m_eDRX=0, the eNB can only update the system information at these boundaries. It is understood that this mechanism should only apply to system information that the UE in eDRX needs to be aware of (e.g. paging configuration) and that other system information follows the legacy method. 
The drawback of this solution is that update system information that the UE in eDRX needs to be aware of (e.g. paging configuration), the network has to wait for m_eDRX (about 43 minutes in LTE). The situation becomes worse in NB-IoT because the maximum eDRX cycle is extended to around 3 hours.

To reduce the delay for reconfiguration of e.g. paging related parameters, it is suggested that modification period for paging related parameters is a configurable value by the network, taking the UE power consumption and latency of reconfiguration into account. Thus, a similar mechanism for paging notification mechanism can be obtained for NB-IoT from eDRX. The paging related configurations can be changed at the boundaries defined by H-SFN mod MP = 0, where MP means modification period for paging related parameters.
Proposal 1: the paging related configurations can be changed at the boundaries defined by H-SFN mod MP = 0, where MP means modification period for paging related parameters, which is configurable for NB-IoT.
Paging related system information such as pcch-Config should be prioritized and placed in SIB 1. By this means, UE can acquire the updated paging configuration by only reading SIB1, which can reduce the power consumption for NB-IoT UEs.

Proposal 2: The paging related system information is placed in SIB1 to enable fast acquisition of paging configuration.

2.2 System information change
There are 3 different DRX cycle periods in relation BCCH modification period and m_eDRX for system information change notification. An overview of the 3 cases considered is shown in Figure 1.
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Figure 1: DRX cycle vs. BCCH modification period vs MP
How to acquire the system information change depends on the DRX cycle, BCCH modification period, and MP by considering the following cases:
· DRX cycle is shorter than BCCH modification period; 
· DRX cycle is larger than BCCH modification period and shorter than MP;
· DRX cycle is larger than MP.
In all cases, the UE will want to avoid reading system information too often for changes unrelated to paging information when it is not accessing the network. Some rough evaluation of the cost of acquiring the SystemInfoValueTag in the MIB every time the UE wakes up has been made by the sourcing company. For a UE reporting 200 bytes once a day in the worse coverage level (164 dB MCL), the battery life is reduced by 8.5% when the DRX cycle is 10 minutes. Shorter DRX cycles cause even worse battery life reduction. Therefore the UE needs to receive updated system information when it is accessing the network. How the UE determines whether to re-read other system information or just system information relating to paging will depend upon the BCCH modification period, MP and its DRX cycle.
Proposal 3: The UE behavior to acquire the indication for system information change depends on the DRX cycle in relation to the BCCH modification period and MP. 

When the DRX cycle is longer than the MP period the UE will not be awake to receive any paging indications of system information change during its DRX cycle. In this case the UE needs to read the MIB to check the systemInfoValueTag to detect changes to system information.
Proposal 4: When the UE's DRX cycle is longer than MP, it checks the systemInfoValueTag in MIB when it wakes to detect system information changes.
When the DRX cycle is larger than the BCCH modification period but smaller than MP the UE relies on the paging notification (systemInfoModification-eDRX) for change of system information related to paging and checks the MIB for other system information change just before RRC Connection establishment. This matches the existing eDRX mechanisms and will reduce the UE power consumption for the cases when other system information is being changed and the UE is not paged or there is no change to the paging related system information.
When a UE's DRX cycle is smaller than the BCCH modification period it will be reading paging often and will receive notifications of systemInfoModification-eDRX sent for the case above.
Proposal 5: When the UE's DRX cycle is shorter than MP, the existing eDRX mechanism is reused, i.e. the UE relies on the paging notification (systemInfoModification-eDRX) for change of paging related system information and reads the systemInfoValueTag in MIB for accessing the network. 
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 RRC_IDLE mode, UEs anyway have to monitor physical layer control channels at the configured paging occasion first before paging reception no matter whether there is paging record in PDSCH. Thus, they can be informed about the system information change through control channel. In this case, there is no need to indicate system information update in shared data channel transmission. 
Proposal 6: The systemInfoModification in the paging message is not supported. UE only monitors notifications about system information update through physical layer control channels, as specified in TS 36.211. 
3 Conclusion

This paper discusses the system infrormatin update notification methods in NB-IoT. The corresponding observations and proposals are listed below. 
Proposal 1: the paging related configurations can be changed at the boundaries defined by H-SFN mod MP = 0, where MP means modification period for paging related parameters, which is configurable for NB-IoT.

Proposal 2: The paging related system information is placed in SIB1 to enable fast acquisition of paging configuration.

Proposal 3: The UE behavior to acquire the indication for system information change depends on the DRX cycle in relation to the BCCH modification period and MP. 

Proposal 4: When the UE's DRX cycle is longer than MP, it checks the systemInfoValueTag in MIB when it wakes to detect system information changes.
Proposal 5: When the UE's DRX cycle is shorter than MP, the existing eDRX mechanism is reused, i.e. the UE relies on the paging notification (systemInfoModification-eDRX) for change of paging related system information and reads the systemInfoValueTag in MIB for accessing the network. 
Proposal 6: The systemInfoModification in the paging message is not supported. UE only monitors notifications about system information update through physical layer control channels, as specified in TS 36.211. 
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