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Introduction
At the RAN2#98 meeting the following was agreed in relation to the validity of stored system information in NR:
[bookmark: _Ref178064866]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.

FFS whether the area ID and valuetag is separately signalled or as a single identifier

FFS whether the area ID is associated to each SIB/ SI message or associated to a group of SIBs/ SI messages or all SIBs/ SI messages.

In this contribution, we discuss methods (such as system information valueTag, system information validity timers and system information area codes) that the UE need to determine if the stored system information is valid.
Discussion
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If a UE receives an SS Block it should be able to derive if a certain copy of stored system information is valid or not. To do this the UE can derive the PCI (physical cell identity), and the NR-MIB (master information block) from the SS Block reception.
To support provisioning of system information related to other cells the UE needs to determine whether previously stored system information is valid in the current cell. It has therefore been agreed that the valueTag can be valid in more than one cell when combined with an area ID. By providing the area ID in the NR-MIB, as proposed in [5], we enable that the UE may only check the SS Block (and hence does not need to re-acquire NR-SIB1) to determine the system information area ID.
To determine that the stored minimum SI is valid, by checking only the SS Block, we also propose in [5] to include the system information ValueTag in the NR-MIB. 
Note that this ValueTag field is different from the System Information Configuration Index (SICI) field, proposed in [6]. A reason for having different ValueTag and system information configuration fields in the NR-MIB instead of using only one joint field is to avoid complicated dependency problems while enabling that different configurations can be indexed in the system information and stored by the UE. Having two separate fields, one ValueTag that determines the validity, and one configuration field, enables a cleaner solution for providing system information configuration areas that are valid in multiple cells in an area.
In addition, the UE should be required (as in LTE) to use a validity timer to ensure that stored SI is not outdated. 
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There is a dependency between the system information validity time for valueTags (i.e. the time until a valueTag value may be reused) and how frequent it is feasible to successfully update the system information while at the same time minimizing the risk that UE’s use old (invalid) stored information. 
The needed value range for the valueTag parameter would depend on how often the system information needs to be updated for the duration of a system information validity. In LTE it is 3 hours as default. However, with a separate SICI field, which can be used for changing between different SI configurations without updating the valueTag, the value range of the valueTag can be kept smaller.
As already agreed in RAN2, the system information may include system information of more than one cell, e.g. indexed by the PCI. An update in the system information of any of these cells will thus impact the value tag. Note that this dependency of the system information in multiple cells will put further strain on the valueTag range (i.e. the valueTag may be changed more often). 
Furthermore, even though the system information may not be particularly dynamic today, it would be an unnecessary limitation to not allow for frequent updates due to a limitation in the valueTag range.
[bookmark: _Toc478042892][bookmark: _Toc478108018][bookmark: _Toc478170798][bookmark: _Toc480815081][bookmark: _Toc481580120][bookmark: _Toc481657683][bookmark: _Toc481856456][bookmark: _Toc481871588][bookmark: _Toc481871698]The valueTag range can limit how often it is feasible to update system information.
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To allow for more frequent updates of system information than what a limited set of valueTag values with equal reuse period would support, it makes sense to consider specifying at least a few valueTag values that have a much shorter validity time, i.e. reuse period. This way, when such short-time-valid valueTag values are broadcast in the NR-MIB, system information associated with those valueTags will not be stored for long by the UE’s, allowing for more frequent updates. Then the valueTag range will not as quickly become a limitation, if, e.g., updates are required more times than what is allowed with a single and quite long validity time, i.e. reuse period, for all valueTag values. We propose that a limited set of valueTag values should be associated with such shorter validity times in addition to valueTag values with a longer validity time. To guarantee that the network never runs out of valueTags completely, two valueTags could be defined to have a significantly shorter validity duration, such as 1 minute.
[bookmark: _Toc478072013][bookmark: _Toc478072014][bookmark: _Toc478072015][bookmark: _Toc478072016][bookmark: _Toc478072017][bookmark: _Toc478072018][bookmark: _Toc478072019][bookmark: _Toc478072020][bookmark: _Toc478072021][bookmark: _Toc478072022][bookmark: _Toc478072023][bookmark: _Toc478072024]As an example, the network may use the long-validity-time valueTag values first, but if the network run out of them before the reuse period expires, the network can then start using (and cycling) the short-validity-time valueTag values until (at least one of) the long-validity-time valueTag values become available for reuse.
It is for further discussion whether this variation in validity duration, i.e. reuse period, is realized through specific time periods per valueTag value or with an optional additional parameter that may be explicitly signalled (similar to si-ValidityTime in LTE).
A reasonable default assumption is that the system information validity timer is the same as in LTE, i.e. 3 hours.
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The MIB may, in addition to a valueTag field, also contain additional indexes or configurations that are relevant when deciding if stored SI can be used or not. The system information area ID (SID) (proposed to be included in the NR-MIB in [5]) indicates if a stored SI, e.g. from another cell, is valid also in the current cell. The UE shall then reacquire the system information in case the system information area ID (SID) is different.
Since the NR-MIB contains both a system information area ID (SID) and a ValueTag (as proposed in [5]), a natural consequence is that the ValueTag becomes valid in the whole system information area, which may contain multiple cells.
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For the sake of consistency and simplicity, the SI Area ID should apply to all SIBs, i.e. there is no need to introduce separate Area IDs per SIB. The consequence of this is that each cell is only associated with one SI Area ID.
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Other SI: Per-SIB valueTags and broadcast indicators 
System information blocks (SIBs) in NR are assumed to be provided in “system information messages” (here denoted SIMs), as in LTE.
By providing (in NR-SIB1) per-SIB valueTags for the other SI the UE does not need to acquire all other SI messages every time a single SIB is changed. 
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The valueTag in the SS Block (in NR-MIB) covers the information provided in NR-SIB1. If we in the NR-SIB1 provide additional valueTags per SIB (denoted valueTagListSim1, …, valueTagListSimN in Figure 2) for the other SI then those per-SIB valueTags will be covered by the valueTag in NR-MIB as well. So, any time there is a change of any SIBX, the valueTag in the NR-MIB need to change since the corresponding valueTagListSimY containing the valueTagSIBX changes.
By reading the different valueTagListSim:s the UE can determine which SI messages that contain any SIBs that were changed and the UE can re-acquire only those. 
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[bookmark: _Ref480967966]Figure 2: The NR-SIB1 valueTag provided in the NR-MIB covers the other SI valueTags, but not the associated broadcast flags for other SI messages.
Since other SI may be provided “on-demand” there is a need to indicate if a SI message in the other SI is broadcasted or if it needs to be requested. The NR-SIB1 would thus contain broadcast flags related to the other SI messages. These broadcast flags for the other SI messages should not affect the valueTag (for NR-SIB1). The valueTag should instead only be updated when there is a change of the actual content of the corresponding SI message. 
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The provisioning of other SI is further discussed in [4].
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Based on the discussion in section 2 we propose the following:
Proposal 1	A timer determines the validity of the system information.
Proposal 2	The default system information ValueTag validity time is 3 hours.
Proposal 3	Two ValueTags (e.g. 0000 and 0001) are defined with a shorter (e.g. 1 minute) validity time.
Proposal 4	The ValueTag in NR-MIB covers NR-SIB1 within the system information area (as defined by the SI Area ID).
Proposal 5	The same Area ID applies to all SIBs in a cell.
Proposal 6	Each cell belongs to only one system information Area ID.
Proposal 7	NR-SIB1 contains per-SIB ValueTags for the other SI within the system information area.
Proposal 8	The valueTag in NR-MIB covers NR-SIB1 excluding any per-SIB or per SI-message broadcastFlags for the other SI.
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