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1 Introduction

During the RAN2 NR study, the aspects related to minimum SI and other SI were discussed [3]. During RAN2#96, agreements were made on the relationship between presence of minimum-SI in a cell and UE’s ability to camp on a cell [1]:
Agreements

1: 
For a cell/frequency that is considered for camping by UE, then UE should not be required to acquire minimum system information from other cell/frequency layer (this does not preclude reception via SFN that is under discussion in RAN1). This does not preclude the case that UE applies stored system information from previously visited cell(s).

2: 
There may be cells in the system on which the UE cannot camp and do not broadcast minimum system information 

3:
If UE cannot determine the full minimum SI of a cell (by receiving from that cell or from valid stored information from previous cells), UE shall consider that cell as barred. It is desirable for the UE to know very quickly that this cell is not campable.

4
Each cell on which UE is allowed to camp broadcasts at least some contents of the minimum system information.
Further aspects regarding handling of stored SI was agreed in RAN2#97 [2]
Agreements

1: Broadcasting some kind of index/identifier in minimum SI to enable the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s). The index/identifier and associated system information can be applicable in more than one cell. System information valid in one cell may be valid also in other cells.
FFS what the index/identifier is (e.g. single index or area plus value tag, etc.)
This contribution further discusses the realization of the index/identifier and aspects related to validity associated with system information. Companion contribution [4] discusses aspects related to acquisition of Other-SI.
2 Granularity of SI validity

A LTE UE determines that a change in system information has occurred based on a change in systemInfoValueTag transmitted in SIB1 or based on systemInfoModification flag in a paging message. The UE however is not aware which SIs have changed and therefore has to re-acquire all SIs.   For eMTC UE, a list of value tags (SystemInfoValueTagList) was introduced in SIB1, whereby the UE can determine the specific SI(s) that are modified based on value tags specific to a SI message (systemInfoValueTagSI).  A more efficient approach was introduced for NB-IoT whereby the MasterInformationBlock-NB carries an overall systemInfoValueTag that indicates change in at least one of the SI messages. A UE can then determine which SI has changed based on list of value tags in SystemInformationBlockType1-NB similar to eMTC case. 

However, for any type of UE (LTE/eMTC/NB-IoT), the paging message still carries only an overall indication that a system information change has occurred, but does not explicitly indicate which specific SI message has changed. This results in unnecessary reception and increases power consumption, particularly for IDLE and INACTIVE UEs. For NR, it is beneficial to have an indication of the validity of system information per SI (or group thereof) to enable selective update of SIs relevant for a UE. This means that the minimum-SI should carry validity information for specific SI (or groups thereof). In addition, the NR paging message should indicate which specific SI(s) were modified (e.g. by including a list of value tags), so that the UE can skip the two step process of receiving paging message to determine system information update and receiving SIB1 to determine the specific SIB update. 

If full minimum SI is made of multiple minimum-SI messages, then the most frequent minimum-SI should carry the validity information for rest of the minimum-SIs at a granularity of specific SI (or groups thereof)
Proposal 1:
In NR, the most frequent minimum SI should carry validity information for the rest of the minimum-SIs (if present) at a granularity of specific SI (or groups thereof).
Proposal 2:
In NR, the paging message should indicate system information modification at the granularity of specific SI (or groups thereof). 

It was agreed in RAN2#96 that minimum-SI should indicate the validity of Other-SI, 

1: 
The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.

It was further agreed that the UE could request one or more SIs with a request for Other-SI.  If the validity information for the Other-SI are not granular enough (e.g. a single overall validity tag for all Other-SIs), then UEs may trigger other-SI request, even if the UEs have valid other-SI or if the UEs are not interested in some of the modified Other-SI. A mechanism that indicates which specific Other-SI (or group thereof) will be changed and that enables updating only parts of the configuration of the system information should be considered. For example, it may be sufficient for the validity of the Other-SI to be of the same granularity as the Other-SI request if MSG1 is used for the Other-SI request. 

Proposal 3:
In NR, the most frequent minimum SI should carry validity information for Other-SIs at a granularity of specific SI (or groups thereof).

3 Further details of the index 
In LTE, the received system information is implicitly linked to the cell from which the system information was transmitted, i.e. the spatial validity of the stored system information is limited to one cell.  In NR, it was agreed that the system information valid in one cell may be valid also in other cells. This avoids the need for frequent re-acquisition of system information which are not cell specific, particularly in dense deployments and/or beamformed transmissions. 
To enable the re-use of stored system information, a UE needs to determine unambiguously which stored SI is valid when entering a new cell.  It was agreed in RAN2#97 that some kind of index/identifier in minimum-SI enables the UE to avoid re-acquisition of already stored SI-block(s)/SI message(s) and that this index/identifier and associated system information can be applicable in more than one cell.  
Different options for realizing index/identifier can be considered based on uniqueness of the index/identifier and whether additional validity tag is associated with such index/identifier.

· Option1: Single index
· In this option, SI-block(s)/SI message(s) are associated with a single index. There is no need for additional value tag. Each index unambiguously identifies a specific version of SI block(s)/SI message(s). A modification/update of SI block(s)/SI messages is indicated by transmission of a new index. This option can further be classified based on the uniqueness of the index.
· Option:1a Single index unique within a PLMN
· Option:1b Single index unique within a logical area 

· In this option, the index is unique only within a predefined area like a RAN area or a tracking area or any other realization of a logical SI area. For example, a UE may not assume that the same index from two different RAN areas to be associated with same SI-block(s)/SI message(s).

· Option:2 Combination of index and a value tag 

· In this option, SI-block(s)/SI message(s) are associated with a combination of an index and a value tag. A change in value tag is used to indicate a modification/update in SI-block(s)/SI message(s). A UE may store only the SI associated to the last value tag for each index. This option can be further classified based on the uniqueness of the index and value tag, as in the case of option 1. 
Comparison of different options are shown in the table below:

	
	Single Index
	Combination of Index + Value Tag

	
	Unique within a PLMN
	Unique within a logical area
	Unique within a PLMN
	Unique within a logical area

	Trigger to store a SI
	When UE receives SI associated with unknown index
	When UE receives SI associated with unknown index within a logical area
	When UE receives SI associated with unknown index.
	When UE receives SI associated with unknown index within a logical area

	Trigger to replace a stored SI
	N/A
	When UE receives SI associated with a different value-tag for a known index.
	When UE receives SI associated with a different value-tag for a known index within a logical area.

	Trigger to delete a stored SI
	Expiry of a validity timer associated with stored SI.

	UE storage requirement
	Highest
	High
	Low
	Lowest

	Size of the identifier for a given number of SI configurations
	High
	Low
	Higher than single index 
	Higher than single index


In summary, when a single index is used, a UE may have to store system information associated with many indices even though they are no longer used by the network. The single index option seems beneficial only when the number of possible combinations of system information used in the network are small. On the other hand, the combination of index and value tag allows more flexible provisioning of system information. A UE only stores the versions of system information that could be potentially used by the network at a given time.  This optimizes the storage of SI configurations by the UE.  For a same number of supported SI configurations, option 1 has a smaller identifier size when compared to option 2. However, we think this is not a big concern since value tag approach does not aim to provide an identifier for all possible combinations of SI configurations and so the additional overhead in the identifier should be minimal. 
Proposal 4: A UE applies stored system information in a cell only if the index and the value tag associated with the stored system information matches the index and value tag broadcasted in the minimum-SI of that cell.
Proposal 5: A UE stores at most one version/instance of system information associated with the index in the index + value tag broadcasted in minimum-SI
On the issue of uniqueness of the identifier, having an identifier unique within a PLMN allows the stored system information to be applied in any cell of that PLMN. However, the price to pay is the increased size of the identifier and increased coordination to ensure there is no ambiguity with the identifier. In order to reduce the size of the identifier, while still keeping the flexibility of index + value tag, we think the concept of identifier re-use based on area can be used.  The solution of using an existing area definition (e.g. RAN area or tracking area) enables reuse of the identifier and reduces overhead due to a smaller range/size for the identifier. 
Proposal 6: The association between index + value tag and a version/instance of system information is unique within a logical area (spatial validity). The area definition e.g. RAN area, tracking area etc. can be FFS.
In LTE, the UE considers the stored SI to be invalid after a predefined time interval (e.g. 3 hours) from the time the SI was successfully confirmed as valid. It is beneficial to have a similar mechanism also for NR, whereby the UE should consider each SI instance to be valid only for a predefined time interval. Associating a temporal validity to the stored SI allows a smaller range for value tag and allows the network to reuse value tag for a different SI version at a later time. 
Proposal 7: The association between index + value tag and a version/instance of system information is unique for a predefined time (temporal validity). The exact value for the timer can be FFS.
4 Conclusion

In this contribution, the following proposals were made related to validity of SI and further details of index/identifier in NR:
Proposal 1:
In NR, the most frequent minimum SI should carry validity information for the rest of the minimum-SIs (if present) at a granularity of specific SI (or groups thereof).

Proposal 2:
In NR, the paging message should indicate system information modification at the granularity of specific SI (or groups thereof). 

Proposal 3:
In NR, the most frequent minimum SI should carry validity information for Other-SIs at a granularity of specific SI (or groups thereof).

Proposal 4: A UE applies stored system information in a cell only if the index and the value tag associated with the stored system information matches the index and value tag broadcasted in the minimum-SI of that cell.

Proposal 5: A UE stores at most one version/instance of system information associated with the index in the index + value tag broadcasted in minimum-SI
Proposal 6: The association between index + value tag and a version/instance of system information is unique within a logical area (spatial validity). The area definition e.g. RAN area, tracking area etc. can be FFS.
Proposal 7: The association between index + value tag and a version/instance of system information is unique for a predefined time (temporal validity). The exact value for the timer can be FFS.
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