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1 Introduction

During the NR study item RAN2 has discussed on demand provisioning of system information and the index based approaches. Following agreement was made at RAN2#97 [1]: 

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)

In this contribution we discuss the following open issues:
Issue 1: What the index/identifier is associated with?

Issue 2: Terminology for the index/identifier?

Issue 3: What is the scope of the index/identifier and the options to define the scope of the index/identifier?

2 Discussion
2.1 What the index/identifier is associated with?
In a typical deployment, different configurations of each SI-block/SI message may be used in different parts of network. The configurations applicable to a group of cell(s) in different parts of the network can be provided to UE upon request or broadcasted based on network implementation such that system information provided in one cell is also applicable and valid for other cells. Following approaches are possible to represent the SI configuration in the cell.

1. SI-index or System Configuration Identifier (SCI) as proposed in [2]
2. SI-valuetag in current LTE system 
Before going into the comparison of the two approaches we discuss the representation/association of SI-index or SI-valutag. There are two options to represent/associate the SI-index/SI-valutag, (a) each configuration of a SI-block (SIB) can be identified by SI-index or SI-valuetag or (b) configuration of several SIBs which are mapped to a SI-message can be identified by SI-index or SI-valuetag. Option (b) is currently supported in LTE for eMTC and NB-IoT UEs. In order to keep the design simple and modular we prefer option (a). The SI-index or SI-valuetag of the configuration associated with each SIB used in the cell is broadcasted in the minimum SI (MSI). When the UE performs cell re-selection and if UE has stored configuration associated to SI-index of a corresponding SIB broadcasted in that cell, UE do not need to re-acquire or request that SIB. UE re-acquires or requests for a SIB only when it does not have the configuration associated to the SI-index of that SIB or the stored configuration is invalid. Such solution meets the design principle to minimize re-acquisition of SI (agreement from RAN2#97).

Proposal#1a: The SI-index or SI-valuetag associated with each SIB represents the configuration corresponding to the SIB broadcasted in the cell. 
Proposal#1b: The SI-index or SI-valuetag of each supported SIB is broadcast in MSI.
2.2 Comparison of the SI-index and SI-valuetag

The configuration corresponding to the SIB either change due to UE mobility from one area to another area (spatial domain) or within the same area the configuration is updated in time (time domain). For indicating to UE the change/update in configuration the above two approaches i.e. SI-index or SI-valuetag can be used. However there are some similarities and some subtle differences in the two approaches in the way it is indicated to the UE. For the spatial domain when the configuration corresponding to the SIB acquired in one cell is also applicable/valid in another cell then the SI-index or SI-valuetag broadcasted in MSI is the same in all cells belonging to SI validity area. This means the SI-valuetag is either cell-specific if the SI validity area is one cell or the SI-valuetag is area-specific if the SI validity area is more than one cell. We believe same is applicable to the SI-index approach. In current LTE system the SI-valuetag is cell-specific and each cell handles the SI-valuetag independently. In NR for the case where SI-valuetag is area-specific some co-ordination is required amongst the cells belonging to the SI validity area to broadcast the same SI-valuetag in MSI. Such co-ordination can be left to network implementation e.g. based on O&M management. We believe same is applicable to the SI-index approach. In LTE, UE considers stored system information to be invalid after 3 hours/24 hours from the moment it was successfully confirmed as valid or based on configured parameter si-ValidityTime [3]. In NR, we assume SIB configuration associated with SI-valuetag is valid for a certain period similar to LTE validity concept. We believe same is applicable to the SI-index approach. In LTE when the configuration is updated in time domain within the same cell the SI-valuetag is simply incremented. In such an action there is no mapping between the SI-valuetag and the associated configuration and hence simple incrementing works because reuse of SI-valuetag within the cell happens after range wrap around. This handling has a dis-advantage that if sometime later if some previous configuration is re-applied in the cell, a different SI-valuetag is used compared to the SI-valuetag previously used. If the validity period of the previous SI-valuetag has not expired the UE still re-acquires the same configuration simply because the SI-valuetag has changed. We assume the proponents of the SI-valuetag approach for NR [4], [5], [6], [7] apply the same LTE principle for SI update handling and validity. The SI-index approach slightly differs here because there is explicit mapping maintained by the network between the SI-index and the associated SIB configuration and hence for time domain update the associated SI-index is broadcasted in MSI. Therefore, if some previous configuration is re-applied in the cell, the same SI-index is broadcasted because of the explicit mapping. We believe this is an advantage because the UE does not have to re-acquire the configuration as opposed to SI-valuetag approach. For the SI-valuetag applicability on area-specific level some co-ordination is anyhow needed so the explicit mapping may be also applied to SI-valuetag approach deviating from the LTE principle. There were some concerns on the size of the SI-index broadcasted in MSI [4] which in our view is not a valid concern. We assume the different SIB configurations used in current LTE networks are not invariably large i.e. only a few parameters of the SIB configuration changes while majority of the parameters remains the same. Therefore the SI-index range need not be very large and in most cases may be smaller than the SI-valuetag range or at most similar to the SI-valuetag range. Based on the above comparison we believe the current SI-valuetag concept in LTE is not directly applicable for NR at least for the case where SI-valuetag is area-specific. Some modifications would be required to the SI-valuetag handling i.e. co-ordination amongst cells of same SI validity area, simple increment of SI-valuetag for time domain update leads to unnecessary re-acquisition and large range of SI-valuetag etc. If these modifications are done then there is no difference between the SI-index and SI-valuetag approaches. It would then be merely a terminology naming difference. In order not to confuse with the SI-valuetag concept of LTE because it will not be the same in NR, we propose to adopt the SI-index or SCI terminology for SI validity handling in spatial and time domain.  
Proposal#2: Adopt the SI-index or SCI terminology for SI validity handling in NR.
Proposal#3: A validity timer (similar to LTE) is associated with SI-index/SCI for discarding the configuration associated with SI-index upon expiry of the validity timer.

Proposal#4: Applicability and validity of SI-Index/SCI is either on cell level or area level depending on whether the SI associated with the SI-index/SCI is applicable for one or more cells.
2.3 Scope of the SI-index/SCI
It is clear that the scope of SI-index or SCI is either cell-specific or area-specific based on the discussion in section 2.2. Three options to define the scope of SI-index/SCI:

1. Global index comprising Area ID plus SCI as proposed in [2]
2. Explicit Area ID

3. List of Cell ID or physical cell identity (PCI)
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 is to unambiguously determine whether the SCI is unique and whether it is valid. The uniqueness of the SCI can be guaranteed by appending the area identifier in front of the SCI forming a Global Index. For e.g. assume the area identifier to be 10 bits and the SCI as 10 bits then the global index is 20 bits. This is similar to the 28 bits Cell Identity transmitted in SIB1 in LTE where the cell identity unambiguously identifies a cell within a PLMN. How the 28 bits are distributed for the eNB ID and Cell ID cannot be differentiated by the UE. Therefore just like cell identity there seems 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. Broadcasting in MSI 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 and for the remaining SI-block(s) available in the cell only the SCI is transmitted.

Observation#1: There is no benefit for the UE to know the area identifier which defines the scope of SCI.

In the explicit area ID approach as proposed in [4], [5], [7], in addition to the list of SCI corresponding to the SIBs available in the cell an area ID is broadcasted in MSI which defines the scope of SCI validity. The UE needs to check both the area ID and SCI to determine whether the SCI is unique and whether it is valid. For a particular SIB if the area ID changes for a UE moving from one area to another area, the UE needs to re-acquire new system information applicable for the new area. For a particular SIB if the area ID does not change from moving one area to another area but the SCI associated with that SIB changes while for other SIBs it does not change then the UE re-acquires only those SIBs for which the SCI has changed. In terms of signaling overhead both the global index and explicit area ID approaches have similar performance, In terms of UE complexity to determine whether to re-acquire SIB or not there is two step procedure for both the global index and explicit area ID approaches. 
Observation#2 In terms of signaling overhead and UE complexity the Global index approach and explicit Area ID approach have similar performance.

A third approach to define the scope of SCI would be based on list of Cell ID or PCI. In this approach the UE needs to be provided with list of Cell ID or PCI through UE-specific signaling when the UE is in connected state. Providing the list on broadcast in MSI is not efficient from overhead point of view. If the UE moves to an area where the Cell ID in MSI or decoded PCI does not belong to the list of Cell ID/PCI then the UE needs to re-acquire system information but the UE is required to move to CONNECTED state to acquire the list of Cell ID/PCI applicable for the new area. Based on the identified drawbacks we do not prefer the list of Cell ID/PCI approach for system information area scope determination.
Observation#3:  List of Cell ID/PCI approach for system information area scope determination has drawbacks in terms of signalling overhead and unnecessary transition to CONNECTED state to re-acquire new list.

Based on the above discussion we propose,
Proposal 5:  Adopt either Global index or explicit Area ID for defining the scope of SI-index/SCI.

3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:

Observation#1: There is no benefit for the UE to know the area identifier which defines the scope of SCI.

Observation#2 In terms of signalling overhead and UE complexity the Global index approach and explicit Area ID approach have similar performance.

Observation#3:  List of Cell ID/PCI approach for system information area scope determination has drawbacks in terms of signalling overhead and unnecessary transition to CONNECTED state to re-acquire new list.

Proposal#1a: The SI-index or SI-valuetag associated with each SIB represents the configuration corresponding to the SIB broadcasted in the cell. 

Proposal#1b: The SI-index or SI-valuetag of each supported SIB is broadcast in MSI.
Proposal#2: Adopt the SI-index or SCI terminology for SI validity handling in NR.
Proposal#3: A validity timer (similar to LTE) is associated with SI-index for discarding the configuration associated with SI-index upon expiry of the validity timer.

Proposal#4: Applicability and validity of SI-Index/SCI is either on cell level or area level depending on whether the SI associated with the SI-index/SCI is applicable for one or more cells.
Proposal 5:  Adopt either Global index or explicit Area ID for defining the scope of SI-index/SCI.
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