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1 Introduction

Since RAN2#95 there has been some good progress for SI provisioning approach in NR. Periodic broadcast of all system information is considered as baseline and complimentary approach where some SI-block(s) are provisioned on UE request seem to be gaining interest among majority of companies in RAN2. In this contribution we perform comparison of various index based approaches proposed by different companies with an attempt to find out the common ground and propose a way forward.
2 Discussion
In LTE since all system information is broadcasted by each cell; upon every cell re-selection the UE has to re-acquire at least the essential SI i.e. MIB, SIB1 and SIB2 and other SIBs depending on the scenario. In the context of NR in some deployment scenarios it is expected that cells will become smaller and hence the network becoming denser. Therefore upon every cell reselection if UE has to re-acquire SI then it is not desirable from UE power consumption point of view. This concern was expressed by many companies [1],[2],[3],[4],[5] regardless of periodic broadcast approach or on demand approach. 
Observation#1: Regardless of periodic broadcast approach or on demand approach; re-acquisition of SI should be minimized for idle/inactive UEs during cell re-selection to save UE power consumption.
2.1 Categorization of SI

Based on the agreements achieved in RAN2#95 high level categorization of system information is shown in [1]. The categorization in [1] is re-produced below for developing common grounds for the index based approach.
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Figure 1 High Level categorization of SI [1].
The SI categorization shown in Figure 1 seems reasonable for developing common understanding on index/identifier based approaches proposed by different companies. In [2] it is proposed to categorize cell/TRP/Beam specific information in one SI group while area specific SI information in another group. In [3] something called as System Information Area (SIA) is defined where it is expected that within an area involving multiple TRPs, these TRPs share a common set of SI. Therefore the UE is not mandated to re-acquire the common set of SI while moving in the SIA. In [4] an Area ID is associated with each SI-block which is common for all cells in the area. Further, a cell-specific identifier is proposed to be associated with SI-block corresponding to cell-specific information. In [5] something called as SI ID is proposed which is unique in a large area. Each SI ID maps to a set of SIs, in which all cell/TRP/Beam in the indicated area has the same set of SIs. In all the proposals in [2], [3], [4], and [5] it is common understanding that some parts of the system information (excluding local cell level information like cell re-selection parameters or beam-specific/TRP-specific information) can be same over large area covering several cells. In our understanding SI for group of cells is similar to the Common SI and the SI for group of TRPs is similar to cell-specific SI depicted in Figure 1.
Such Common SI (refer Figure 1) could be divided in several SI-block(s) depending on the related functionality. One or more SI-block(s) of similar functionality can be mapped to SI message using the scheduling information included in minimum SI. The configuration corresponding to the SI-block/SI message can be associated with an index or identifier broadcasted in the minimum SI. UE can determine upon cell re-selection by checking the index/identifier whether the SI-block(s)/SI message needs to be re-acquired (requested) or not. Such an index/identifier associated with the configuration corresponding to the SI-block/SI message is assumed to be unique across large area within the PLMN. The concept where some kind of index or identifier (i.e. SI ID, Area ID, SAI etc) is broadcasted in minimum SI and UE checks this identifier to decide whether to re-acquire SI is proposed in [2], [3], [4] and [5].  
Proposal#1: Broadcasting some kind of index or identifier in minimum SI can minimize the re-acquisition of SI-block(s)/SI message for idle/inactive UEs during cell re-selection.
2.2 Index/Identifier for local cell-specific SI and common SI
In this section we analyze if there is any need to define two levels of identifiers for the local cell-specific SI and Common SI. In [4] two levels of identifiers are proposed: Area ID which is associated with each SI-block which is common for several cells in the area and cell-specific identifier like PCI associated with SI-block corresponding to cell-specific information. In [5] the SI ID which is unique in a large area maps to a set of SIs, in which all cells in the indicated area has the same set of SIs. Further in [5] it is proposed to have different level of identifier like Cell ID or TRP ID for SI that is likely to be the same only in a smaller area i.e. cell-specific SI. This is similar to the concept of different level of identifiers for cell-specific SI and common SI as proposed in [4]. We do not understand the need for such two levels of identifiers within the area as long as the index or identifier is associated with each SI-block/SI message regardless of the SI-block/SI message represents common SI or cell-specific SI.
In the following we explain how the index/identifier based approach works during mobility. As shown in Figure 2 group of cells i.e. Cell#1, Cell#2 and Cell#3 have the same set of SI for some SI-block/SI message called Common SI associated with Index#1 (i.e Orange Area).
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Figure 2 Index based approach for SI-block(s) corresponding to cell-specific SI and Common SI
The local cell-specific information has only one set of parameters within the cell i.e. same SI applies in the cell. However cell-specific SI applicable to the respective cells is different where the index associated with cell-specific SI-block is different in respective cells. Similarly the Green area covering Cell#4 and Cell#5 has a different configuration for the Common SI represented by Index#2. Likewise the cell-specific SI applicable to Cell#4 and Cell#5 is different. Assume the UE is in Cell#1 where it detects Index#4 for cell-specific SI-block and Index#1 for SI-block(s)/SI message associated with Common SI. UE has acquired the configuration associated with Index#1 and Index#4 either through cell broadcast or on demand by requesting from the network. When UE moves from Cell#1 to Cell#3 then UE detects in minimum SI that Index#1 associated with Common SI remains same whilst the index associated with cell-specific SI-block has changed from Index#4 to Index#6. If UE already has stored configuration associated with Index#6 then it applies that configuration in Cell#3 while the configuration corresponding to Common SI remains same. Otherwise if UE does not have stored configuration associated with Index#6 then either it acquires it from cell broadcast or requests it from the network. Therefore while moving from Cell#1 to Cell#3 there is no need to re-acquire the Common SI and the need to re-acquire cell-specific SI depends on stored configurations. Such approach to avoid frequent re-acquiring or request of SI due to UE mobility was proposed in [6]. 
Observation#2: At this moment no need is identified to introduce different level of identifiers for local cell-specific SI and common SI.

Proposal#2: For common SI where the information is same across several cells unique index or identifier can be associated with configuration of each SI-block categorized as common SI.

Proposal#3: System Information applicable in the cell is the same regardless of size of the cell.  

Proposal#4: For local cell-specific SI like cell-reselection parameters which may change from one cell to another cell unique index or identifier can be associated with configuration of each SI-block categorized as cell-specific SI.

2.3  Terminology and Format of the Index/Identifier
Regardless of whether the index/identifier is associated with SI-block categorized as Common SI or cell-specific SI it represents the configuration corresponding to the SI-block. Therefore it is reasonable to introduce a generic terminology like System Configuration Index/Identifier (SCI) instead of several names like SIA, Area ID, SI ID, PCI, TRP ID etc.
Proposal#5: Introduce a generic terminology of System Configuration Index/Identifier (SCI) associated with each SI-block which represents the configuration corresponding to the SI-block. 

The range or length of the SCI depends upon on two main factors: a) how fast the configuration it represents changes, b) how many different configurations it represents depending on the range of parameters included in the configuration. Therefore, the length of SCI can be different for different SI-block(s) or the SCI can be of same length for different SI-block(s). However, this is a stage-3 issue and can be discussed during WI stage after SI-block categorization and identifying the parameters of the configuration. Nevertheless, it is important to discuss the scope of SCI. From the network perspective the scope of SCI is area-specific but there is no benefit for the UE to know the area scope. What matters to the UE to distinguish whether the SCI is unique and whether it is valid. 
Observation#3: There is no benefit for the UE to know the area identifier which defines the scope of SCI.

The uniqueness of the SCI can be guaranteed by appending the Area identifier in front of the SCI forming a global index. For eg. assume the area identifier to be 10 bits and the SCI as 10 bits then the global index is 20 bits. As mentioned before there is no benefit for the UE to know the area identifier therefore there is no need to have a hard split for the Area identifier and SCI. Instead how the split is between the Area identifier and SCI is known to the operator which provides the flexibility to handle the range of SCI depending on the operator deployment scenario. However, broadcasting in minimum SI the longer global index for each SI-block is not preferable from signaling overhead point of view. Therefore, the global index is just transmitted for the first SI-block of other SI and for the remaining SI-block(s) available in the cell only the SCI is transmitted. UE looks at the global index and SCI of other blocks and copies the X MSB of global index in front of each SCI to create the unique index to determine whether re-acquisition of the SI-block is needed or not.

Proposal#6: Global index which includes the area identifier and SCI is transmitted for the first SI-block of other SI while for the remaining SI-block(s) available in the cell only the SCI is transmitted.   
2.4 Index/Identifier for some parameters of Minimum SI
In [1] it is proposed to introduce index/identifier for some set of parameters of the minimum SI which corresponds to some pre-defined default configurations which may not change in the far future.  We have some sympathy for such an approach where the intention is to reduce the contents of minimum SI. In our view even though such an approach is feasible but become restricted from future extensions point of view if new parameters need to be added to the pre-defined default configurations.
Observation#4: Introduction of index/identifier for pre-defined default configurations associated with some parameters of minimum SI is restrictive and suffers from flexibility for future extensions. We should be careful to introduce such restrictions from the beginning. 
In [7] an approach to enable very efficient broadcasting of the minimum SI is proposed. A unique index is broadcasted in minimum SI by each cell. Different SI sets (parameter sets) can be provided in a table, where each entry in the table contain parameter configuration related to the minimum SI. Further [7] proposes to broadcast the index and table with different periodicities and in some cells only the index is broadcasted. We see several drawbacks with such an approach: i) it is not flexible similar to the proposal from [1]; ii) there is additional access delay since the table and index are broadcasted with different periodicity; iii) in cells where only the index is broadcasted the UE needs to acquire the table from a different cell/frequency if the table is not already stored or if the stored table is invalid. Several other drawbacks of such approach are analyzed in detail in [8].
Observation#5: Broadcasting the index associated with access related parameters and the table of configurations separately suffers from inflexibility, longer access delay and additional complexity at the UE.

At RAN2#95 we agreed that “Minimum SI needs to be broadcasted periodically”. Further as argued in [9], parameters of Minimum SI cannot be represented by SCI and hence minimum SI cannot be provided on demand.
2.5 Need for valuetag for validity check

In [2], [5] and [7] it is proposed that in addition to identifier a valuetag is broadcasted for validity check. In [2] it is argued that the identifier + valuetag combination will be beneficial for moving UEs i.e. during mobility. Referring to Figure 2 consider the cell#1 where the SCI#1 and SCI#4 is used and UE is moving to cell#2 where the SCI#1 and SCI#5 is used for the Common SI and cell-specific SI respectively. The UE anyway cannot use stored SI associated with SCI#4 in cell#2 and need to re-acquire SI associated with SCI#5. In this case we do not see the need for valuetag. For the case where upon moving to cell#2 if network intends to use SCI#4 but has updated some SI parts without changing the SCI then some version control may be needed. However this can be avoided if simply a different SCI value is used if there are updates to some SI parts. Such cases can be handled by system information change notification through the paging procedure. If the SCI length/range per SI-block is sufficiently large then there is no need for valuetag. 
Observation#6: No need is identified to define valuetag for indicating validity of SI or change of SI when the SCI range is sufficiently large. 
2.6 Multiple configurations for same SI-block
In [6] it is proposed UE is provided with a configuration list corresponding to each SI-block. In a typical deployment, different configurations of each SI-block/SI message may be used in different parts of network. The list of these configurations applicable in different parts of the network can be provided to UE upon request. Each configuration of a SI-block/SI message in the configuration list is identified by the SCI of that configuration in the configuration list. UE stores the list of configurations. The SCI of the configuration associated with each SI-block/SI message used in the cell is broadcasted in the minimum SI. When the UE performs cell re-selection and UE has the configuration corresponding to SCI of a SI-block/SI message broadcasted in that cell, UE do not need to re-acquire or request that SI-block. UE re-acquires or requests for a SI-block/SI message only when it does not have the configuration corresponding to the SCI of that SI-block broadcasted in the cell. Such approach meets obersvation#1 objective.
In [4] the benefits of such approach is questioned with arguments that if the UE is more or less stationary the SI is not updated frequently, providing a list of configurations might consume more resources comparing with the approach of providing a single configuration. Further additional storage at UE may be needed to store configuration list. We believe these are not serious concerns and can be handled based on network decision. It is network decision whether to provide the UE with a single configuration or a list of configuration. If network decides broadcast mechanism then normally network provides a single applicable configuration. If network decides unicast then depending on UE storage capability network can provide configuration list only to those UEs. This avoids mandating all UEs for additional large storage capability.
Proposal#7: UE is not mandated to store SI of other cells. Providing configuration list associated with a SI-block/SI message is network decision based on UE storage capability. 

3 System Information Update

In LTE the concept of modification period is used where the UE is notified through paging about system information change in modification period N and UE starts acquiring updated system information from the beginning of modification period N+1. We believe this is reasonable baseline at least for common SI updates which may not be that frequent and can be handled with concept of modification period. LTE also uses the concept of valuetag in SIB1 for indicating system information updates. As mentioned in section 2.4 no need of valuetag is identified.
Proposal#8: LTE concept of modification period and system information change notification through paging is considered as baseline in NR for system information updates.
4 Conclusion

Based on the above discussion, RAN2 is requested to take note of the following observations:

Observation#1: Regardless of periodic broadcast approach or on demand approach; re-acquisition of SI should be minimized for idle/inactive UEs during cell re-selection to save UE power consumption.
Observation#2: At this moment no need is identified to introduce different level of identifiers for local cell-specific SI and common SI.

Observation#3: There is no benefit for the UE to know the area identifier which defines the scope of SCI.

Observation#4: Introduction of index/identifier for pre-defined default configurations associated with some parameters of minimum SI is restrictive and suffers from flexibility for future extensions. We should be careful to introduce such restrictions from the beginning. 
Observation#5: Broadcasting the index associated with access related parameters and the table of configurations separately suffers from inflexibility, longer access delay and additional complexity at the UE.

Observation#6: No need is identified to define valuetag for indicating validity of SI or change of SI when the SCI range is sufficiently large. 
Based on the above discussion, RAN2 is requested to agree on the following proposals:

Proposal#1: Broadcasting some kind of index or identifier in minimum SI can minimize the re-acquisition of SI-block(s)/SI message for idle/inactive UEs during cell re-selection.
Proposal#2: For common SI where the information is same across several cells unique index or identifier can be associated with configuration of each SI-block categorized as common SI.

Proposal#3: System Information applicable in the cell is the same regardless of size of the cell.  

Proposal#4: For local cell-specific SI like cell-reselection parameters which may change from one cell to another cell unique index or identifier can be associated with configuration of each SI-block categorized as cell-specific SI.

Proposal#5: Introduce a generic terminology of System Configuration Index/Identifier (SCI) associated with each SI-block which represents the configuration corresponding to the SI-block. 

Proposal#6: Global index which includes the area identifier and SCI is transmitted for the first SI-block of other SI while for the remaining SI-block(s) available in the cell only the SCI is transmitted.   

Proposal#7: UE is not mandated to store SI of other cells. Providing configuration list associated with a SI-block/SI message is network decision based on UE storage capability. 

Proposal#8: LTE concept of modification period and system information change notification through paging is considered as baseline in NR for system information updates.
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