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1   Introduction
In RAN2#97 meeting, it was agreed that some system information can be stored and valid in more than one cell. In RAN2#98 meeting, there were further agreements on the index/identifier for the stored system information.
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 value tag 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 paper, we’d like to give our opinion on the above FFSs.
2   Discussion
2.2   A single identifier vs. separate area ID and value tag
In last RAN2 meeting, it was agreed to consider the structure of the index/identifier for stored system information. For stored system information, it will be valid in more than one cell. If the UE stores the valid system information, it is not mandated to re-acquire the stored system information while moving into other cells with the same index/identifier. The mechanism is beneficial on UE’s power consumption and involves less signalling overhead in the air interface. Two possible structures for the index/identifier were discussed a lot but without consensus. 
Option 1: A single identifier
A single index solution is proposed in [1]. It integrates the area info and the value tag into one generic terminology. The range of single index can be one or more cells. The length of the single index depends on the change frequency and the applicable range of the system information. It is unnecessary for the UE to clearly know the area scope and the value tag scope within the single index. Whenever the UE moves into a new cell or the previous cell, it will compare the index to check the valid of the stored information.
 However, because the UE cannot differentiate the area scope with the single index, the UE has to compare the full content of the single index at every time when the version of the system information in current cell changes, though the UE still stays in the same cell within the same area. Similarly, if the UE moves out of the area of stored system information, it also needs to compare the whole index. In both the cases, if the UE knows the split of area ID and value tag, it is sufficient for the UE to detect the change of index/identifier by only comparing separate part. 

Therefore, a single identifier structure will possibly make the UE behaviour more complicated. The limitation may be translated in a worse end-user performance for the UE by involving more UE power consumption due to unnecessary comparison on the content of area scope or value tag. 
Option 2: Separate Area ID and value tag

In LTE, the UE can use the systemInfoValueTag to check the validity of the stored system information upon coming back to the previously visited cell. It implicitly indicates that the UE can check the validity of system information by the combination of separate cell ID and value Tag as an index/identifier.
In NR, we can take the current solution in LTE as baseline. An enhanced solution with separate area ID plus value tag were presented in [2] [3] [4] [5] [6] [7]. It is more flexible for the UE to check the validity of the stored system information. When the UE moves within the same cell, the UE only compares the value tag to check the validity of the system information. On the other hand, it is sufficient for the UE to only compare the area ID upon moving out of the stored area. 

This solution can obviate the need to repeatedly check the content of the area info or value tag as in option 1.
In addition, if the area ID can be configured the same for multiple SIBs, it can be well designed to reduce redundant signalling overhead to repeatedly indicate area ID for each SIB.

As a small summary, we give the comparisons of the above solutions in the table below:

	Comparison
	A single identifier
	Separate area ID and value tag

	complexity
	Case 1: UE stays in the same cell
Case 2: UE moves out of the stored area
	Complicated UE behavior and possible more UE power consumption(
UE needs to compare the whole index/identifier while it is sufficient for the UE to just compare the content of value tag or area ID.
	Simpler UE behavior and possible less UE power consumption(
UE just compares the content of value tag or area ID to check the validity of stored SI.

	signaling overhead
	In case that multiple SIBs are configured with the same area ID
	Redundant signaling overhead(
Each SIB will be configured with the same area ID separately integrated in related single index/identifier.
	Less signaling overhead(
Based on well design, repeated area ID will be avoided.


Observation: Separate Area ID and value tag has advantages over a single identifier in better UE operation and less signalling overhead.
Based on the aforementioned discussion, we believe that:
Proposal 1: Area ID and value tag should be separately signalled. 
Separate area ID and value tag mechanism
As for the detailed content of the area ID, the configuration similar as current TA configuration can be considered. That is, each cell within the area scope will broadcast the area ID associated with the system information in the scheduling information in SIB1 [8]. Besides, to avoid UE mixing up two different areas with the same area ID, it is also reasonable for the UE to uniquely identify the area ID in some area scope. Taking the UE mobility and complication of the design into consideration, it is desirable for the UE to be able to identify the area ID within TA scope.
Proposal 2: Area ID is unique within the TA and is broadcasted in SIB1.
For each cell, there are cell specific parameters, e.g., freq, Cell ID, bandwidth and initial access parameters. The parameters are related to cell selection and initial access and generally included in MSI. Correspondingly, it is reasonable that the MSI should be only valid in one cell not in area scope. To reduce the complexity on both network and UE sides, it is expected that the area ID, if configured, should be applicable for all other SIBs/SI messages in the cell as many as possible. If the area ID is not broadcasted in SIB1, the UE will consider all other SIBs/SI messages as cell specific ones.

Proposal 3: Area ID is not applicable for Minimum SI.
Proposal 4: Area ID can be applicable for all other SIB/SI messages.
It should be allowed the flexibility for the network to decide whether to configure area ID, when the area ID is not configured in SIB1, the UE shall consider all other SIBs as cell specific ones.
Proposal 5: Area ID should be configurable. If area ID is not configured, the UE considers all other SIs as cell specific ones.
If area ID is configured in SIB1, all of other SIBs can be considered as area specific. However, it is possible that some other SI messages are still cell specific. Furthermore, the function of value tag of the two types of SIB/SI message configuration is different. The value tag of area specific SIB/SI message is to avoid UE reacquiring the associated SI in neighbour cells in the area; and the value tag of cell specific SIB/SI message is to avoid UE reacquiring the associated SI in the same cell (e.g. upon return from out of coverage), which is no need to associated with area ID.

So area specific configuration and cell specific configuration of a SIB/SI message should be indexed separately, which can decrease the length of the value tag at the same time. The value tag of a SIB is broadcast in MSI, which can be configured whether to associate to area ID according to the current configuration type (cell specific or area specific), e.g. including another 1 bit to indicate the type (whether the value tag is area specific or cell specific), as shown in fig.1.
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Fig.1 Value tag structure
Proposal 6: If area ID is configured, one addition indication can be used to indicate whether the value tag is associated to area ID or not.
When the area ID is not configured in SIB1, the UE shall consider all other SIBs as cell specific ones, so there is no need to indicate the value tag whether to associate to the area ID.
Proposal 7: If area ID is not configured in SIB1, this addition indicate is not needed.
3   Conclusion
In this paper, we discussed the separate area info plus value tag mechanism as the index/identifier. We have the following observation and proposals:
Observation: Separate Area ID and value tag has advantages over a single identifier in better UE operation and less signalling overhead.
Proposal 1: Area ID and value tag should be separately signalled. 
Proposal 2: Area ID is unique within the TA and is broadcasted in SIB1.
Proposal 3: Area ID is not applicable for Minimum SI.
Proposal 4: Area ID can be applicable for all other SIB/SI messages.
Proposal 5: Area ID should be configurable. If area ID is not configured, the UE considers all other SIs as cell specific ones.
Proposal 6: If area ID is configured, one addition indication can be used to indicate whether the value tag is associated to area ID or not.
Proposal 7: If area ID is not configured in SIB1, this addition indicate is not needed.
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