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1 Introduction

In R2-162763 [1], high level requirements and assumptions impacting system access for NR were discussed, with emphasis on aspects related to system information distribution. In this contribution, we discuss some design principles which could be used to fulfil these requirements.
2 Discussion
2.1 Requirements

As mentioned above, [1] (referring to TR 38.913 [2] and TR 23.799 [3]) discussed high level requirements and assumptions for system access in NR related to network energy efficiency, future-proof design, deployment flexibility and the need to support a very wide range of frequencies. 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, and that flexible deployments allowing the physical split of UP/CP functions are feasible.
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, signaling) within a configurable/allocable time/freq. resource

These requirements and assumptions are further analyzed in [4].
In this contribution we discuss and elaborate design principles for system information distribution, which could be used to fulfill these requirements.
2.2 Design principles to fulfil the requirements for system information distribution in NR
A possible way to fulfil the desire to minimize the amount of “always-on” broadcast of system information signals is to provide the main part of the system information on a per-need basis. The broadcasted system information could be limited to what is essential to access the system (e.g. selected parts of the current MIB, SIB1 and SIB2), while the rest of the system information could be provided through dedicated transmission to the UE. This would reduce the amount of always-on signalling in the network, see Figure 1.
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Figure 1. Access information distribution.
Proposal 1
The distribution of system information should utilize different means of delivery, such as broadcast and dedicated transmission, in a way that minimizes energy consumption, while not compromising system accessibility.
Many of the radio access nodes in NR will be operating on high frequencies where high gain beamforming is essential, not only for high performance, but also to achieve satisfactory coverage. However, broadcasted system information cannot make use of beamforming, unless it is transmitted using beam sweeping, which would be energy inefficient, counteracting one of the major design goals and requirements of NR. To overcome this dilemma, the system could utilize radio access nodes operating on lower frequencies, using NR or LTE, to deliver the broadcasted parts of the system information, potentially using Single Frequency Network (SFN) transmission, on behalf of overlaid high frequency nodes (see Figure 2).
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Figure 2. Flexible ways to deliver the system access information.
One way to enable broadcasting of the access essential parts of the system information from overlaying nodes, while still allowing different access configuration parameters to be applied in the overlaid nodes (e.g. depending on transmit power or the access intensity of the respective overlaid nodes), could be to let the broadcast information consist of a table, where each entry in the table contains a certain access configuration (i.e. certain combinations of values of the access related parameters). Each overlaid node would then broadcast only an index which points to the entry in the table, which contains the access configuration to be applied when accessing the node. Similar concepts have been discussed/proposed in R2-162568 [5] and R2-162629 [6].
To achieve further energy savings, without compromising the accessibility, the table and the index could be broadcasted with different periods, with the table being broadcasted less frequently than the index (see Figure 3). 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.
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Figure 3. Broadcast of table and indices.
Proposal 2
The system information solution should allow overlaying low frequency NR nodes to distribute the broadcasted part of the system information on behalf of NR nodes operating on higher frequencies.

Proposal 3
The system information solution should allow overlaying LTE nodes to distribute parts of the system information on behalf of NR nodes.

Another design principle that could be considered in order to further reduce the energy consumption, especially when the load is low, is to make the broadcasted part of the system information independent of always-on CRS transmissions by integrating synchronization and reference signals in the transmission. A signal with these properties could be described as being “self-contained”.
Enabling elimination or DTX of always on CRSs is also a way of making the system more futureproof, e.g. enabling introduction of new physical channels or other features, since unused radio resources become completely blank.
Proposal 4
Transmitting the broadcasted part of the system information with integrated synchronization and reference signals (i.e. making it “self-contained”) should be considered for NR.
Allowing the above proposed delivery principles for system information also enables independent scaling of the user plane and the system access related control plane, in particular the system information distribution, as high frequency nodes can be deployed as user plane boosters without a corresponding increase of the system information control signalling overhead. Furthermore, enabling deployment of nodes which don’t transmit system information and don’t rely on always-on CRS transmissions mitigates the inevitable increase of the interference level when the radio access network is densified to meet the increasing data throughput requirements.
3 Conclusion

Based on the discussion in section 2 we propose the following: 

Proposal 1
The distribution of system information should utilize different means of delivery, such as broadcast and dedicated transmission, in a way that minimizes energy consumption, while not compromising system accessibility.
Proposal 2
The system information solution should allow overlaying low frequency NR nodes to distribute the broadcasted part of the system information on behalf of NR nodes operating on higher frequencies.

Proposal 3
The system information solution should allow overlaying LTE nodes to distribute parts of the system information on behalf of NR nodes.

Proposal 4
Transmitting the broadcasted part of the system information with integrated synchronization and reference signals (i.e. making it “self-contained”) should be considered for NR.
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