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1
Introduction
The WI on NB-IOT [1] has the objective 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.”  
In this contribution we propose one optimisation on system information reading with a view to reducing power consumption in the device. 

2
Discussion
It has been agreed in the previous meeting that intra-frequency and inter-frequency reselection is supported, since not all NB-IOT UEs are expected to be stationary. 

In addition it was agreed that the system information validity time should be extended to reduce the amount of effort needed to re-read expired system unformation uneccesarily. 

However, extension of validity timer does not help a UE which is moving and reselecting new cells, because the entire system information needs to be read for each new cell (re)selected.
If the UE is moving, but needs to transmit/receive relatively infrequently, the power consumption associated with reading system information upon each cell change will be a major contributor to power consumption in the device, and for the same reasons that the validity time in one cell should be extended, we should also look at the validity in different cells. 

Of course some of the system information would be cell specific, however we also expect that some of the system information will be identical in different cells – within a TA, PLMN, or in general within a group of cells or area.

In UMTS, there is the concept of “area scope” for system information blocks. Subclause 8.1.1.3 of [2] details the UE actions related to system information acquisition upon selecting a new cell. In particular, the relevant requirements are as follows:

	The UE may store system information blocks with cell, PLMN or Equivalent PLMN area scope (including their value tag if applicable) for different cells and different PLMNs, to be used if the UE returns to these cells.

The UE shall consider all stored system information blocks as invalid after it has been switched off. Some information obtained from system information may be stored by the UE or in the USIM for use in a stored information cell selection.

When selecting a new cell the UE shall consider all current system information blocks with area scope cell to be invalid. If the UE has stored valid system information blocks for the newly selected cell, the UE may set those as current system information blocks.

After selecting a new cell and this cell broadcasts an IE "PLMN Identity" in the MIB which is different from the IE "PLMN Identity" broadcast in the MIB in the previously selected cell, the UE shall consider all current system information blocks with area scope PLMN to be invalid. If the UE has previously stored valid system information blocks for the selected cell of the new PLMN, the UE may set those as current system information blocks.

When NAS informs AS about a new selected PLMN, the UE shall consider all stored system information blocks with area scope Equivalent PLMN to be invalid.




For NB-IOT we should consider which information is really cell specific and which information could be common within an area – this may not necessarily be limited to area or PLMN scope as with UMTS but we could consider tracking area scope, or even to define a new type of area which contains some system information in common. 
The UE could be required to first read MIB and SIB1 which would contain the most critical information as well as an area ID and value tags specific to each SIB. After obtaining MIB and SIB1, then UE can decide which of the SIBs referenced by SIB1 need to be read, and which ones already stored from the previous cell can continue to be valid. 

By rearranging the content of SIBs, we can group parameters in such a way that optimises the amount of information that needs to be read upon cell reselection. 

Neighbour cell information could be common to an area if the SIB lists all of the cells in the area, in order that there is no need to read this again in a new cell unless there are specific parameters in that cell or if the UE moves to a cell in another area. Other possible commonalities in an area could be common channel configuration, access barring parameters, PLMN lists and so on. Although these need to be configurable to suit a particular operator’s network, it is likely that much of the configuration is common throughout the network or at least in parts of the network. Therefore we should consider splitting SIB2 into 2 parts – one being cell specific and another being applicable in a larger area. This way, UE only needs to obtain the “delta” between cells. In general we can split according to the parameters which are likely to be cell specific and others which are area specific. 

Proposal 1: Introduce an area scope and a value tag for each SIB, indicated in MIB/SIB1, and design the SIB contents such that cell specific parameters can be broadcast separately (in separate SIB(s)) to area specific parameters.

By including a value tag and an area ID, it is still possible to have different content in neighbouring cells (i.e. operator is not forced to make common configuration). UE checks the scheduling information and then decides whether each SIB stored from the previous cell is valid or not + reads only those that are necessary (these correspond to the delta between cells). 

Proposal 2: If the UE reads MIB/SIB1 due to cell reselection, and the area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch.
This can also be used for optimising SIB update procedure - if we change the value tag only for the SIB(s) which have changed, then UEs only need to obtain the modified information and keep using the still valid information that has been previously stored, which may still be valid either from the current cell or a previous cell.
Proposal 3: If the UE reads MIB/SIB1 due to SIB update, and the area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch.
Finally, it has been agreed to increase the validity time for system information. The main purpose of a validity timer is to obtain new system information should the UE miss multiple updates of system information and so the value tag has wrapped and UE cannot detect whether this is the same System Information or not. However, this results most of the time in uneccesary reading of system information. The introduction of an area ID mitigates the problem, because area ID can be updated too – so when the value tag wraps it is possible to increment part of the area ID, which would then make all of the previously stored system information for the previous area ID invalid – that is because both SIB value tag and area ID must match in the MIB/SIB1 and the stored system information. This minimises reading of system information in all of the cases - SIB update, cell reselection, and even validity timer expiry. By resetting the validity timer whenever the UE checks MIB/SIB1 for new system information, the timer can be restarted in order to maximise the amount of time the SIBs can be considered as valid.
Proposal 4: If the UE reads MIB/SIB1 due to validity timer expiry, and the Area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch. 
Proposal 5: Validity timer is restarted whenever UE reads MIB/SIB1 to check validity.
4
Conclusion

In this paper we propose a system information improvement for optimisation of battery life due to reading of SIB in case of cell reselection, validity timer expiry, and SIB update. It enables UE to read the full system information only upon powering on, and read only the SIBs which are not updated/different to the stored ones: 
Proposal 1: Introduce an area scope and a value tag for each SIB, indicated in MIB/SIB1, and design the SIB contents such that cell specific parameters can be broadcast separately (in separate SIB(s)) to area specific parameters.

Proposal 2: If the UE reads MIB/SIB1 due to cell reselection, and the area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch.
Proposal 3: If the UE reads MIB/SIB1 due to SIB update, and the area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch.
Proposal 4: If the UE reads MIB/SIB1 due to validity timer expiry, and the Area ID and value tag for a broadcast SIB matches a stored SIB, UE can continue using valid stored system information, reading only the SIBs which are invalid due to area ID and value tag mismatch. 
Proposal 5: Validity timer is restarted whenever UE reads MIB/SIB1 to check validity.
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