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1   Introduction
In RAN2#AH meeting, agreements were achieved on the scheduling information of OSI.
Agreements related to SI provided by broadcast

3: The scheduling information for other SI includes SIB type, validity information, periodicity, and SI-window information in minimum SI irrespective of whether other SI is periodically broadcasted or provided on demand.
FFS Whether there is an additional indication that an on demand SI is actually being broadcast at this instant in time.
4:  If minimum SI indicates that a SIB is not broadcasted, then UE does not assume that this SIB is a periodically broadcasted in its SI-Window at every SI-Period. Therefore the UE may send an SI request to receive this SIB. After sending the SI request, for receiving the requested SIB, UE monitors the SI window of requested SIB in one or more SI periods of that SIB.
Agreements

2: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.
In RAN2#98 meeting, it was agreed that the value tag will be SIB specific.
Agreements

There will be at least a value tag and area ID

-
value tag is associated to each SIB
-
value tag can be valid in only one cell or when combined with an area ID to be valid in more than one cell.

In this document, we discuss the possible change of the system information, including content change and OSI delivery method change. And potential proposals are present. 
2   Discussion
2.2   SI Content Change
In LTE, the change of system information content only occurs at specific radio frames, i.e. the concept of a modification period is used. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. When the network decides to change the content of some system information, it will firstly notify the UEs about this change by including the systemInfoModification in paging throughout a modification period. In the next modification period, the network transmits the updated system information. For the UE, it acquires the new system information immediately from the start of the next modification period upon receiving the paging. The modification period scheme can reserve enough time to ensure that all UEs will be notified of the change of SI content and acquire the latest SI. 
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Fig 1: Change of system Information in LTE

In NR, we can take the modification period mechanism as baseline in case of the change of NR SI content. Modification period configuration can be provided in minimum SI.
Additionally, in LTE, EWTS, CMAS and EAB notifications can occur at any point in time, rather than restricted to the modification period boundary. If the UE receives paging messages including the etws-Indication, cmas-Indication or eab-ParamModification, it shall start receiving these notifications immediately. In NR, ETWS, CMAS and access barring information will also be considered. Therefore, it is possible to also reuse the immediate change approach in NR.
Proposal 1a: The NR should take the modification period concept in LTE as a baseline for SI changes.
Proposal 1b: Immediate change for ETWS, CMAS kind of system information is also supported as complement.
Proposal 2: Modification period configuration is broadcasted in SIB1.

In NR, according to the agreements in RAN2#98 meeting, the value tag is associated to each SIB to indicate the latest content version. If SIBs change, paging including the systemInfoModification will be triggered to all the UEs camping on the cell. However, the UE is not aware of the detailed SIB which has been changed based on the current SI change notification scheme. Thus, the UE is mandated to read the scheduling information of MSI to know which SIB actually changed regardless of whether the UE is interested in the changed SIB. The current SI change scheme in NR will bring unnecessary re-acquisition of MSI and impact UE power consumption performance. 
Observation: The UE cannot know which SIB(s) actually changed via systemInfoModification in paging and will be enforced to update the MSI even though it may be not interested in the changed SIB(s).
In order to overcome the issues on the paging message for SI change in LTE, it is desirable that paging in NR can indicate the detailed indication information, e.g., SIB type or SIB set. Consequently, when the UE receives the paging message including detailed indication, it can decide to receive the updated SIB(s) or immediately go to sleep based on whether the UE is interested in the updated SIB(s). It is worth noting that the SIB type can also be MIB/SIB1 referring to detailed definition of MSI.
Proposal 3: If the content of SI changes, paging will include an indication of the changed SIB(s) type.
In the previous meeting, it was mentioned that value tag of changed SIBs should also be contained in the paging [2] [3]. Theoretically speaking, there is no reasonable case for the proposal. For a UE re-entering the cell, it would have  stored the SIB which is indicated as changed in current paging with a value tag. If it finds the value tag in the paging is identical to the stored one, it should update the changed SIB if interesting due to the toggling of value tags. For a UE staying in the cell, when it receives the paging indicating the changed SIB type, it will know that the content of the SIB changes. Consequently, it is unnecessary to include value tag in the paging. In addition, it will be tremendous signalling overhead if value tags of SIBs are also included in paging.
Proposal 4: If the content of SI changes, paging will not include the new value tag of the changed SIB(s).
After sending the paging, the network will broadcast the changed SIB in the next modification period. For UEs which stored the related SIB, it should delete the stored one. For “Other” SIBs (Which are not part of minimum system information), whether the UE will reacquire the new one depends on UE implementation. For UEs which never stores the related SIB, it is also UE implementation on whether to receive the new one.

Proposal 5: When the UE receives the paging including the changed SIB type which is not part of MSI, if the UE has stored the SIB, it deletes the stored SIB and whether to reacquire the new SIB is UE implementation.
Other SI delivery method change
In NR, it was agreed that there will be an indicator in scheduling information on whether the concerned SIB is periodically broadcasted or provided on demand. It is desirable that the indicator will be a bitmap [1]. Within the bitmap, the bit at the position is used to indicate the delivery method of the corresponding OSI. It is possible that the changes of the bitmap will be more frequent than the change of the OSI content. If any change of the bitmap causes paging, there will be massive unnecessary signalling overhead, and UEs will also be woken up to receive the paging to find they are not interested in the information, which increases UE power consumption.

Based on the aforesaid analysis, it is anticipated that the change of the bitmap should not cause paging for system information change notification. 
Proposal 6: The change of bitmap which indicates the delivery method of OSI will not cause paging.
Based on the network flexible implementation, it is reasonable that the delivery method of OSI can be timely changed at any time. That is, the bitmap can be changed in accordance with the current delivery method of OSI in a new scheduling period within one modification period. In this way, it is beneficial to reduce the potential requests from UEs as soon as possible.

Proposal 7: The bitmap should be changed at nearest broadcasting period even in the same modification period.
As a small summary of the aforesaid discussion, the figure 2 below shows general illustration of the above solutions.
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Fig 2: the procedure of bitmap changes and SI acquisition for UE
3   Conclusion
In this paper, we discuss the potential changes of NR system information including both content change and other SI delivery bitmap change. We have the following observation and proposals:
Observation: The UE cannot know which SIB(s) actually changed via systemInfoModification in paging and will be enforced to update the MSI even though it may be not interested in the changed SIB(s).
Proposal 1a: The NR should take the modification period concept in LTE as a baseline for SI changes.
Proposal 1b: Immediate change for ETWS, CMAS kind of system information is also supported as complement.
Proposal 2: Modification period configuration is broadcasted in SIB1.

Proposal 3: If the content of SI changes, paging will include an indication of the changed SIB(s) type.
Proposal 4: If the content of SI changes, paging will not include the new value tag of the changed SIB(s).
Proposal 5: When the UE receives the paging including the changed SIB type which is not part of MSI, if the UE has stored the SIB, it deletes the stored SIB and whether to reacquire the new SIB is UE implementation.
Proposal 6: The change of bitmap which indicates the delivery method of OSI will not cause paging.
Proposal 7: The bitmap should be changed at nearest broadcasting period even in the same modification period.
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