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1 Introduction
During RAN2#96, further 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 contents of minimum-SI required to schedule Other-SI were also agreed [1]
Agreements

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

2:
UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.

3:
The SI transmission window in LTE is baseline for NR.

4: 
The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. 

This contribution discusses the contents of Minimum-SI for the case where the cell transmits complete/full minimum-SI and for the case where the cell transmits at least some contents of minimum system information. Companion contribution [2] 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. 
Proposal 1:  System Info Value tag mechanism is used to indicate the validity of a SI (or group thereof).  

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 2:
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 3:
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.

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 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. 
Proposal 4:
In NR, the most frequent minimum SI should carry validity information for Other-SIs at a granularity of specific SI (or groups thereof).
3 Reduced Minimum-SI

As listed above, agreements were made in RAN2#96 regarding the relationship between the presence of minimum-SI in a cell and UE’s ability to camp on the cell. Following those agreements, the UE behaviour may be driven by the characteristics of minimum system information broadcast in a cell. 

	Characteristics of Minimum SI 
	UE behaviour

	Cell type1: No minimum SI transmission
	Cell is not considered for camping/reselection

	Cell type2: Complete/Full minimum SI transmission
	Cell may be considered for camping/reselection (e.g. if not barred explicitly via received information in the minimum SI)

	Cell type3: Partial/Reduced minimum SI transmission
	If a valid stored SI is present, then consider the cell for camping/reselection, 
Else, the cell is not considered for camping/reselection


To camp on a cell with ‘reduced minimum-SI’, the UE should be able to determine the full minimum-SI associated with the cell based on received ‘reduced minimum-SI’. To obtain the complete/full minimum-SI in such cell, the UE may apply stored system information received from previously visited cells. The content of reduced minimum-SI should enable the UE to identify and apply a specific instance of stored system information relevant for the cell.
The reduced minimum-SI should enable the UE to maximize the usage of stored system information whenever possible. It should also enable the UE to identify the relevant stored system information unambiguously to avoid configuration mismatch between UE and the network.

Proposal 5: 
The UE should have means to unambiguously determine the full minimum SI associated with a cell based on the reduced minimum-SI and a priori stored system information. 
4 Handling of stored SI 
In LTE, the UE may use the systemInfoValueTag to determine the validity of a stored system information at a later time, i.e. determine a temporal validity associated with the system information. 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, where systemInfoValueTag indicates a specific version of system information in use. Similar to LTE, 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 systemInfoValueTag and allows the network to reuse systemInfoValueTag for a different SI version at a later time. 
Proposal 6: 
In NR, UE should be allowed to apply the stored SI received from a cell upon re-entering that cell within a predefined time if the systemInfoValueTag is not modified. 
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 UE can use an SI from a previously stored cells and therefore, an SI can be valid across multiple cells.  This allows efficient reuse of received system information and avoids the need for frequent re-acquisition of system information which are not cell specific, particularly in dense deployments and/or beamformed transmissions.
The UE needs to determine unambiguously which stored SI is valid when entering a new cell.  Given that the network is not aware of the previously visited cell, indicating which cells’ SI are applicable is inefficient and impractical. For the purpose of identifying an applicable stored SI that the UE can use in the target cell, we think SI reference identities can be used.  For example, each SI or table containing SIs (or groups thereof) may have an associated reference ID transmitted along with the SI or with the table. UE may keep a mapping of stored SI and the associated reference ID. The reference ID allows to the UE decouple the stored SI and the cell which transmitted that SI.   The UE can apply the stored system information in any other cell if a matching reference ID and systemInfoValueTag is received in that cell. For example in a cell transmitting reduced minimum SI, the UE can determine the applicability of stored SI using the reference ID and systemInfoValueTag carried in the reduced minimum SI. 
Proposal 7: 
The contents of reduced minimum SI (if agreed) should allow the UE to verify if a stored SI has a matching spatial validity (e.g. using a reference ID) and temporal validity (e.g. using systemInfoValueTag). The mechanism to define the reference ID may be FFS.
5 Conclusion

RAN2 should discuss the above and use the following proposals as working assumptions for further work on system information delivery in the NR Study Item for R14:
Proposal 1:  System Info Value tag mechanism is used to indicate the validity of a SI (or group thereof).  

Proposal 2:
In NR, the most frequent minimum SI should carry validity information for rest of the minimum-SIs (if present) at a granularity of specific SI (or groups thereof)

Proposal 3:
In NR, the paging message should indicate system information modification at the granularity of specific SI (or groups thereof). 

Proposal 4:
In NR, the most frequent minimum SI should carry validity information for Other-SIs at a granularity specific SI (or groups thereof).

Proposal 5: 
The UE should have means to unambiguously determine the full minimum SI associated with a cell based on the reduced minimum-SI and a priori stored system information. 

Proposal 6: 
In NR, UE should be allowed to apply the stored SI received from a cell upon re-entering that cell within a predefined time if the systemInfoValueTag is not modified. 
Proposal 7: The contents of reduced minimum SI (if agreed) should allow the UE to verify if a stored SI has a matching spatial validity (e.g. using a reference ID) and temporal validity (e.g. using systemInfoValueTag). The mechanism to define the reference ID may be FFS.
6 References

[1] R2-16xxxx, “RAN2#96 Chairman’s Notes”, RAN2 Chairman.

[2] R2-17xxxxx, “Acquisition of Other-SI”, InterDigital Communications.

1/3
2017-02-03

