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1 Introduction

At the RAN WG2 meeting #94 in Nanjing several papers discussed distribution of system information in NR [4]-[20]. There was no online discussion on system information at RAN2#94, instead an email discussion [94#40] was conducted to increase the understanding of different solutions. In this contribution, we discuss principles on how to distribute the system information in the network using an indexed based approach. 

2 Discussion
2.1 Requirements

In [1] (referring to TR 38.913 [2] and TR 23.799 [3]), high level requirements and assumptions for system access in NR related to network energy efficiency, future-proof design, scalability, deployment flexibility and the need to support a very wide range of frequencies were discussed. For system information distribution, important requirements are the ability to deliver/acquire system information in such ways that energy consumption is kept at a minimum, while still not compromising system accessibility.
Some of this is further emphasized by the following agreements regarding ultra-lean design made in RAN1#84bis:

· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signalling) within a configurable/allocable time/freq. resource

These requirements and assumptions are further analyzed in [18], and were also discussed in email discussion [94#40].
2.2 Index-based system information provisioning
In current LTE, System Info is associated to a certain cell and PCI. In addition, validity of the system information is verified from valueTag by the UE. ValidityTag points to the certain System information parameters and can be used to verify validity of SI over certain time period (3 hours in Rel-8 LTE and 24 hours in eMTC).  ValueTag covers whole System Info (all SIBs) except in eMTC where SI message specific valueTag is introduced.

One way to enable efficient broadcasting of the access essential parts of the system information is to uniquely index broadcasted system information. Different System Information sets (parameter sets) can be provided in a table, where each entry in the table contains a certain parameter configuration (i.e. certain combinations of values of the access related parameters). 
A node may broadcast SI relevant for its cells or it can broadcast multiple sets, i.e., multiple entries in the table. Instead of broadcasting full system information, each node should at least broadcast an indicator, which points to the entry in the table, which contains the system information to be applied when accessing the node. Similar solutions have been discussed/proposed in R2-162568 [19] and R2-162629 [20].
This kind of index based data compression is a very effective way to communicate information and it is used already extensively in LTE e.g. concept of valueTag, in source encoders (denoted vector quantization); to provide pre-coder matrix feedback (in the form of a pre-coder matrix indicator, PMI); to provide channel quality feedback (in the form of a channel quality indicator, CQI), etc. 
Proposal 1 Index based provisioning of system information should be considered for NR. 
The table and the index could be broadcasted with different periods, with the table being broadcasted less frequently than the index (see Figure 1). Once retrieved, the table could be stored in the UE and when the UE moves to a new node, the index (more frequently) broadcasted by the node will quickly inform the UE of which of the access configurations in the stored table it should use if it wants to access the network via the current node. The same table and index broadcasting principle could be used within a single node.
In the email discussion [94#40] a question was raised on how the UE can determine if the table containing system information parameter sets is valid. We think that a normal version indicator, similar to valueTag, can be used also for this purpose. In order for the UE to verify that it still has a valid table of system information parameter sets the index can include or be complemented with a valueTag. The version indicator can be provided in a MIB (not shown in Figure 1) that follows each transmission of the index, or the index can be extended with a few bits to also include a valueTag. 
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Figure 1. Broadcast of table and indices.
Proposal 2 The index can point to a parameter set provided on the same or different carrier frequency. 

In the email discussion [94#40] a question was also raised on how the UE can find the correct table in case it only sees an index on the current frequency. When e.g. a macro node on one carrier provides a system information parameter table with entries that are valid in a pico node on a different carrier (as depicted in the example in Figure 1) we need a way of verifying that the table and the index belongs together. In addition, if the UE does not have any parameters related to the index, it needs to find it from somewhere else. For that reason, the pico node in our example above should provide the UE with some additional information on where the corresponding parameters are found. This type of information could e.g. be included in a MIB (not shown in Figure 1) transmitted from the pico node.
One benefit of indexed approach is that System Information can be changed in fast manner. This is because broadcasting the index takes shorter time as the whole parameter set. This approach has similarities to toggling of valueTag, which is in principle possible in LTE as well.  
Observation 1 An index-based solution for provision of system information enables fast change of system information.
Providing alternative SI parameter sets in a table also enables the use of classical compression techniques on the SI. If most parameter sets in the table are similar, then normal entropy encoding may be applied to the system information table.
3 Conclusion

This paper makes the following proposals:

Proposal 3 Index based provisioning of system information should be considered for NR. 

Proposal 4 The index can point to a parameter set provided on the same or different carrier frequency. 
We further observe that:
Observation 2 An index-based solution for provision of system information enables fast change of system information
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