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Introduction
In RAN2#91bis, email discussions related to system information, and RAN2#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 the SI message concept from LTE is applied also in NB-IOT. This can be revisited. 
Different SIBs can be scheduled with different periodicity. 
The periodicity of SIB1 can be fixed while periodicity of other SIBs can be indicated in SIB1. 
We should define the duration over which the content of NB-IOT SIB1 cannot be changed; details FFS pending RAN1 progress

This contribution aims to further discuss the system information update concept for NB-IoT.

[bookmark: _Ref178064866]Discussion

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. However, based on discussion with other companies, it seems not clear what the BCCH modification period applies to. The uncertainties seem mostly be related to the handling of MIB and SIB1 in relation to the BCCH modification period. It shall be noted that in legacy LTE, it is stated in the specifications that BCCH modification period is applicable to “System Information”:
From 36.331:
“Change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, i.e. the concept of a modification period is used.”
Note that “System Information” includes MIB, SIB1, and SI messages.

[bookmark: _Toc442447464][bookmark: _Toc442447474][bookmark: _Toc442449763][bookmark: _Toc442458920][bookmark: _Toc442462063][bookmark: _Toc442463154][bookmark: _Toc442492000]Confirm that the legacy view terminology “System Information” including MIB, SIB1 and SI messages is also applicable to NB-IoT.

Disregarding ETWS/CMAS, EAB, and SIB16 (FFS), the only exception to this change of values in relation to modification period is the SFN value in the MIB that changes per MIB period (40 ms); a change that is known to the UEs. I.e. a UE relies on that all other content captured during one modification period remains valid throughout the current modification period. 





[bookmark: _Toc442447833][bookmark: _Toc442462062][bookmark: _Toc442463152][bookmark: _Toc442491996]In legacy LTE, change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, i.e. the concept of a modification period is used. SFN value in the MIB is an exception and is changed on a MIB period (40 ms) basis, but this is a “known” change to the UEs.

It is important to have a common agreement about what in MIB/SIB1 can change faster than the modification period, especially when new[footnoteRef:1] information elements compared to legacy are introduced in the MIB and possibly in SIB1.  [1:  systemInfoValueTag, and there are also discussions around a Access Barring indicator] 

The current NB-IoT design of PBCH is outlined in the figure below (upper part of the figure) showing the period of the MIB being 640 ms. In the lower part of the figure, the MIB is shown in relation to the modification period where different colours of the MIB depict different contents in this example. 
In order to be able to achieve similar functionality as in legacy LTE and eMTC, it is proposed that the SFN value[footnoteRef:2] (and possibly hyper-SFN[footnoteRef:3] included in the MIB) is allowed to change according to a known pattern once per MIB period (640 ms). Similarly for SIB1[footnoteRef:4], it is proposed that the hyper-SFN included in SIB1 is allowed to change according to a known pattern once per SIB1 period (period is FFS). [2:  Only 4 MSB bits of the SFN needs to reside in the MIB as the remaining 6 bits are implicitly derived.]  [3:  It is currently FFS whether hyper-SFN or parts of it also will be included in the MIB]  [4:  It is assumed here that if hyper-SFN is to be in a SIB, it will be SIB1.] 

Also similar to legacy EAB, in case an access barring bit is introduced in the MIB, it shall be exempt from being limited by the modification period change concept. I.e. a possible change of access barring indication is possible once[footnoteRef:5] per MIB period. Note that change of such access barring indication shall not give rise to update of systemInfoValueTag in the MIB. [5:  Only once per period to allow for combining of the content.] 

Other than these exceptions, it is proposed that all other values in the MIB/SIB1 remain unchanged throughout the BCCH modification period.




[bookmark: _Toc442449764][bookmark: _Toc442458921][bookmark: _Toc442462064][bookmark: _Toc442463155][bookmark: _Toc442492001]The content of the MIB remains valid / unchanged throughout the BCCH modification period. Exception to this is the SFN bits being updated according to a known pattern and Access Barring indication (if such indication is introduced).



[bookmark: _Toc442458923][bookmark: _Toc442462065][bookmark: _Toc442463156][bookmark: _Toc442492002]The content of the SIB1 remains valid / unchanged throughout the BCCH modification period. Exception to this is the hyper SFN bits (if such bits reside in SIB1) being updated according to a known pattern.

In NB-IoT, it has been agreed to include a systemInfoValueTag in the MIB and SI message value tags in SIB1. The range of the SI value tags was discussed for Rel-13 eMTC. There was almost equal support for same amount of bits as in the systemInfoValueTag in the MIB as there was support for fewer bits. Fewer bits (2 bits) were finally agreed in RAN2#92 eMTC as there were concerns for too many bits in the scheduling information. The same amount of bits used for each SI message might not be optimal as some SI messages rarely changes whereas some change often and need more bits for the 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 period. 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 could have fewer bits configured.
Note that it is not the intention to have more SI value tag bits in total than agreed for eMTC. The idea is rather to have a bit “bank” from which bits are assigned to different SI’s value tag as exemplified in the figure below.


[bookmark: _Toc442462067][bookmark: _Toc442463158][bookmark: _Toc442492003]The ranges of the SI-specific value tags are configurable per SI; up to 5 bits.

[bookmark: _Toc442462068][bookmark: _Toc442463159][bookmark: _Toc442492004]In total, the amount of bits (the bit-bank) used for SI value tags is 2 * number of SI; i.e. same as in eMTC. Out of this bit-bank, different bits are assigned to different SIs. Whether the bit assignment is fixed or configurable is FFS.

[bookmark: _Toc442462069][bookmark: _Toc442463160][bookmark: _Toc442492005]The validity of the SI-specific value tags is same as the validity for systemInfoValueTag in MIB.

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 in good coverage might not be interested in updates of SIBs related to neighbour cell relations. Hence, in order to save power, it would be beneficial for a UE to know whether an 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. Such notification can be done through a bitmap as outlined in the figure below. In this example the notification is done on a SIB level but could just as well be done on SI level with fewer bits.



[bookmark: _Toc442462070][bookmark: _Toc442463161][bookmark: _Toc442492006]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.

In legacy LTE and Rel-13 eMTC, there exist measurement thresholds SintraSearch / SnonIntraSearch 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) to skip reading of such SIBs. 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 thresholds are instead moved into SIB1 in order to enable possibility to skip reading of the cell reselection related SIBs.
[bookmark: _Toc442462071][bookmark: _Toc442463162][bookmark: _Toc442492007]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 cell reselection related SIBs.

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

Observation 1	In legacy LTE, change of system information (other than for ETWS, CMAS and EAB parameters) only occurs at specific radio frames, i.e. the concept of a modification period is used. SFN value in the MIB is an exception and is changed on a MIB period (40 ms) basis, but this is a “known” change to the UEs.

[bookmark: _GoBack]Proposal 1	Confirm that the legacy view terminology “System Information” including MIB, SIB1 and SI messages is also applicable to NB-IoT.
Proposal 2	The content of the MIB remains valid / unchanged throughout the BCCH modification period. Exception to this is the SFN bits being updated according to a known pattern and Access Barring indication (if such indication is introduced).
Proposal 3	The content of the SIB1 remains valid / unchanged throughout the BCCH modification period. Exception to this is the hyper SFN bits (if such bits reside in SIB1) being updated according to a known pattern.
Proposal 4	The ranges of the SI-specific value tags are configurable per SI; up to 5 bits.
Proposal 5	In total, the amount of bits (the bit-bank) used for SI value tags is 2 * number of SI; i.e. same as in eMTC. Out of this bit-bank, different bits are assigned to different SIs. Whether the bit assignment is fixed or configurable is FFS.
Proposal 6	The validity of the SI-specific value tags is same as the validity for systemInfoValueTag in MIB.
Proposal 7	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 8	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 cell reselection related SIBs.


[bookmark: _In-sequence_SDU_delivery]References
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