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1 Introduction

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 frequency 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

Observation 1 In NR, broadcast of system information should be sparse in time in order to fulfil the goal of minimizing always on transmissions. 

These requirements and assumptions are further analyzed in [4], and were also discussed in email discussion [94#40]. 

2 Discussion

2.1 Storing multiple versions of system information 
In LTE, the System Information provided by a cell is associated with a systemInfoValueTag carried in SIB1. In accordance with 36.331, “UEs may use systemInfoValueTag, e.g. upon return from out of coverage, to verify if the previously stored SI messages are still valid”. It is also specified that “the UE considers stored system information to be invalid after 3 hours from the moment it was successfully confirmed as valid”. 

For the network this implies that it should not associate a set of SI with a value tag which was broadcasted together with a different set of SI within the last 3 hours, since some UEs may still consider the old set of SI as still being valid. 

A UE may (but is not required to) store several sets of SI in association with a corresponding value tag 

Stored SI: [
SI set A { … systemInfoValueTag=1, …, SIB2{…}, SIB3{…}, …};
SI set B { … systemInfoValueTag=2, , …, SIB2{…}, SIB3{…}, …};
SI set C { … systemInfoValueTag=3, , …, SIB2{…}, SIB3{…}, …}]

Figure 1: UE storing multiple versions of SI associated with a systemInfoValueTag

If the network toggles between two sets of system information (A ( B ( A), the UE would not need to re-acquire the SIB2 and beyond if it stored a copy of the SI associated with systemInfoValueTag tag 1 as shown in Figure 1. 

Observation 2 In LTE the UE may store several sets of SI in association with the corresponding systemInfoValueTag and thereby avoid re-reading the SI (SIB2 and beyond) if the network indicates the same systemInfoValueTag within 3 hours.

In LTE, system information is broadcasted frequently and most UEs need to accumulate only one or a few transmission attempts within an SI-window to acquire the contained SI-message. Hence, UE implementations may not make wide use of the possibility to store and re-use previous versions of SI. 

In NR we observe however two properties that may change the situation significantly:

· In order to minimize the always-on transmissions, system information broadcast should be sparse in time (see Observation 1)
· In particular at high carrier frequencies, the capacity of the (sparse) broadcast channel will be limited due to challenging propagation characteristics. 

The consequence of these two constraints is that at least for the UEs at the cell edge the acquisition of the broadcast system information may take a long time, i.e., they will have to soft-combine several occurrences of a SI-message over a longer period of time. 

Observation 3 Acquisition of larger SI-messages via broadcast may require soft-combining several occurrences of that SI-message over a longer period of time.

Both the SI acquisition delay as well as the resulting increased battery consumption are undesirable. 

While on-demand provisioning of system information addresses these issues when one or a few UEs need the system information, it is less suitable when the SI in a cell changes and all UEs require an update. 

Therefore, the above-mentioned tool of storing multiple versions of system information may become more attractive in NR. 
Proposal 1 NR UEs should store the system information in association with its value tag throughout the validity time. The UE can apply that stored SI when that value tag recurs. 
2.2 Providing system information for other beams and cells
As mentioned in the previous section, the LTE SIBs are associated with a value tag. Furthermore, the SIBs are also bound to the cell that provided them. The UE shall not use system information acquired in one cell after reselecting to another cell. 

Observation 4 In LTE, system information is associated with the cell that provided this SI. The UE shall not apply that SI in another cell. 

To minimize delays due to acquisition of SI in a new cell, the eNB may provide essential SI by dedicated signalling in the RRCConnectionReconfiguration including mobilityControlInfo. However, upon IDLE mode cell reselection the LTE UE must acquire at least MIB and SIB1 to assess whether it may camp on the target cell and SIB2 to determine whether and how it may access in that cell. 
As discussed above (see Observation 1 and Observation 3), in NR the acquisition of larger SIBs may take considerably longer time due to sparser transmission and more challenging propagation characteristics in higher frequency bands. This effect will be particularly visible at the cell border, i.e., upon reselecting from one cell to another. 

Similarly as storing SIBs associated with multiple value tags, an LTE UE may also store SIBs associated with multiple visited cells. If it re-enters one of those cells and finds a value tag for which it stored the SI less than three hours ago, it may use it without re-acquiring it. Of course, the same should be possible in NR:

Proposal 2 The UE may store multiple versions of SI associated with different cells and value tags and re-apply that stored SI when re-entering a cell while the SI is still valid. 
In LTE, a large part of the SIBs provided by neighbouring cells have similar or equivalent content. Nevertheless, an LTE UE cannot make use of this fact but rather must re-acquire the entire SI from the target cell. 

In NR the UE will not only reselect among cells but potentially also among the beams of a cell (if PSS/SSS sweeping is applied). Since the beams belong to the same cell, the system information associated with them will be largely overlapping. There may however be slightly differences such as the timing or preamble selection to apply for Msg1. This should not require a SI distribution where all SIBs need to be transmitted in every beam. 

Observation 5 In cells with multiple beams it is not efficient to provide all SI in every beam

In these cases the UE should acquire a set of SIBs that is associated with and valid the cell, i.e., in all beams of the cell. However, certain information elements within the SIBs may be duplicated and associated with different beams. When intending to perform a RA towards the cell, it applies the IEs that are associated with the beam (e.g. beam ID) that the UE has currently “selected”. 
Proposal 3 A set of SIBs is valid across all beams of the cell. Individual parameters (e.g. RACH) in the SIBs may however be associated with different beams (e.g. by means of a beam ID). If so, the UE applies the parameters associated with the beam that the UE has currently “selected”.

Not only the beams in a cell but also neighbour cells have large commonalities in their system information parameters as mentioned above. It would be desirable to make use of those similarities in order to reduce the effort in transmitting and acquiring system information. One way to do this is to indicate in SIBs a list of cells which the SIB is valid for. Parameters that are cell specific could be indicated individually per cell. When reselecting to a new cell with a Cell ID listed in the previously acquired SI, the UE does not need to re-acquire the SI. But it may need to pick some cell specific parameters from the previously acquired set of SIBs. This approach could be particularly attractive when NR is deployed in a C-RAN architecture and the SI is transmitted via multiple cells using a single frequency network transmission format. Based on the individual cell ID the UE would apply the (few) parameters that are different across those cells. 

Proposal 4 A set of SIBs may be associated with multiple cell IDs and the UE may use these SIBs in any of the indicated cells. If these SIBs comprise also cell-specific parameters, the UE applies those in accordance with the cell that it has currently selected.

3 Conclusion

In this paper we have made the following observations: 

Observation 1
In NR, broadcast of system information should be sparse in time in order to fulfil the goal of minimizing always on transmissions.
Observation 2
In LTE the UE may store several sets of SI in association with the corresponding systemInfoValueTag and thereby avoid re-reading the SI (SIB2 and beyond) if the network indicates the same systemInfoValueTag within 3 hours.
Observation 3
Acquisition of larger SI-messages via broadcast may require soft-combining several occurrences of that SI-message over a longer period of time.
Observation 4
In LTE, system information is associated with the cell that provided this SI. The UE shall not apply that SI in another cell.
Observation 5
In cells with multiple beams it is not efficient to provide all SI in every beam


Based on these observations and the discussion above we make the following proposals to RAN2:
Proposal 1
NR UEs should store the system information in association with its value tag throughout the validity time. The UE can apply that stored SI when that value tag recurs.
Proposal 2
The UE may store multiple versions of SI associated with different cells and value tags and re-apply that stored SI when re-entering a cell while the SI is still valid.
Proposal 3
A set of SIBs is valid across all beams of the cell. Individual parameters (e.g. RACH) in the SIBs may however be associated with different beams (e.g. by means of a beam ID). If so, the UE applies the parameters associated with the beam that the UE has currently “selected”.
Proposal 4
A set of SIBs may be associated with multiple cell IDs and the UE may use these SIBs in any of the indicated cells. If these SIBs comprise also cell-specific parameters, the UE applies those in accordance with the cell that it has currently selected.
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