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1 Introduction

In [1], requirements and assumptions on system access for NR were discussed. In this contribution we discuss system information distribution and make a range of proposals regarding design principles and requirements to be captured in the TR.

In the minutes from RAN2#93bis the following was noted:

“When designing the 5G radio protocol architecture/radio protocols, RAN2 should consider reuse of LTE designs where sensible.”
The topics covered in this contribution highlight areas where we think new solutions are needed for efficient distribution of system information.
2 Discussion
2.1 Lean and future proof design

In RAN1#84bis, RAN1 made the following agreements regarding ultra-lean design:

· 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 agreements should be considered also in the RAN2 work, when designing solutions for system information distribution. 
NR should target a single technical framework to address all usage scenarios for enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra-reliable and low latency communications (uMTC) [3]. It is required that the design of the RAN architecture shall allow the deployment of new services rapidly and efficiently [2]. Therefore, in order to achieve a fast introduction of new services and address potentially different requirements, system access procedures should be aimed to reuse as much as possible previously standardized components, e.g. signals for coverage detection, system information frameworks, etc. That would lead to a design that from the beginning takes into account at least some aspects of both eMBB and non-eMBB services. 
Proposal 1 System information distribution should target a single technical framework, ensuring future proofness and smooth introduction of new services and features.
One example is mMTC devices that may only support narrow band transmission and reception. In order to support such narrow band users, we make the following proposal:
Proposal 2 System information distribution should not necessarily spread out over the whole carrier bandwidth.
2.2 Network energy efficiency
Network energy efficiency is one key performance indicator listed in [2]. The importance of network energy efficiency is further discussed in [4], where lessons learned from network energy consumption in 2G/3G/4G networks is discussed and some key observations relevant when designing a new radio access technology are listed. In short, NR should aim to make the minimum duty cycle as small as possible and at the same time maximise the opportunity of network DTX duration. Consequently, system access functionalities should be designed to allow network energy efficiency mechanisms where the energy consumed by the network scales with the traffic. 
Based on the above we propose the following requirement for NR:
Proposal 3 System information distribution should allow for long network DTX durations and large DTX ratios.
2.3 Accessibility

The frequent broadcast of PSS/SSS, MIB and various SI messages by LTE eNBs make it easy for UEs to detect a cell, perform RRM measurements, determine whether a cell is suitable and perform access to the cell quickly. Therefore, the design of energy efficient solutions for system access in NR should also take into account these performance aspects, like latency. The requirements and scenarios TR [1] include a 10 ms requirement on the control plane latency from a battery efficient state to start of continuous data transfer. 

Proposal 4 System information distribution should consider performance aspects like accessibility and state transition latency.
2.4 Configurability
The frequency of system information distribution easily becomes a tradeoff between the above mentioned energy efficiency performance and accessibility. With fixed frequent always on broadcasting, large amount of energy may be spent even in scenarios with a very low number of devices trying to access the system. In higher traffic scenarios the energy will also be affected by the dedicated transmission but the differential may not be so substantial, as shown in [4]. LTE provides some level of configurability such as the time-domain scheduling of SIB-3 and beyond. However, once MIB and SIB-1/2 have fixed periodicities and C-RS/PSS/SSS are always transmitted, not much can be done for low traffic scenarios.
Therefore, system information distribution should preferably be configurable so that it can be optimized for different traffic and deployment scenarios. For example, in scenarios with low traffic demand energy could be saved in a more efficient way. 
Proposal 5 System information distribution should enable a high level of configurability enabling optimization of KPIs such as energy savings and accessibility. 
2.5 System information change
In LTE, systemInfoValueTag allows UEs to verify the validity of system information and to access the system without re-acquire system information, previously done when the UE selects/re-selects to the cell it is camping on. This is an important property from access latency point of view, since most of the time the UE will not perform a very initial access, but rather a state transition from e.g. inactive to active. Thus, mechanisms for system information change should be supported also for NR. However, the current procedure is rather expensive and slow as system information change involves paging of all UEs. Thus, fast and efficient handling of system information change is one potential area of improvement for NR.

Proposal 6 System information distribution should include fast and efficient mechanisms for handling of system information change.
2.6 Area definition
It can be observed in existing networks that a large amount of the system information is exactly the same across multiple cells, such as the parts associated to initial access (e.g. RACH configuration). However, due to the way the system information is currently distributed and encoded, i.e. based on PCI detection and reference signals tighten to the cell, the current solution cannot explore schemes where e.g. not all nodes would need to transmit system information, or where single frequency networking (SFN) schemes are  applied for joint transmission on common system information.

Proposal 7 System information distribution should explore and leverage the fact that parts of the system information may be the same across a large area, such as the parts associated to system access (e.g. RACH configuration during state transitions).
2.7 Scalability 

The requirement to support carrier frequencies up to 100 GHz will likely require network densification to overcome difficult propagation situations. The current LTE design where each cell broadcasts CRS and system information sets limits to the possible order of densification. In legacy systems the interference caused by system access related signals significantly reduces the peak user data rates. In particular at low system load, the interference is dominated by the mandatory system transmissions (CRS-based signals in LTE) and thus limits the SINR.

Therefore, NR should preferably be designed so that different parts of the system scale independently. For example, there should be no need to add more system access related common signals when densifying networks. In other words, we should be able to densify only the dedicated transmissions and not the system access related overhead.

Proposal 8 NR should be designed so that resources for system access and dedicated transmission can scale differently.

3 Conclusion

Based on the discussion we propose to capture the following proposals in the TR
Proposal 1
System information distribution should target a single technical framework, ensuring future proofness and smooth introduction of new services and features.
Proposal 2
System information distribution should not necessarily spread out over the whole carrier bandwidth.
Proposal 3
System information distribution should allow for long network DTX durations and large DTX ratios.
Proposal 4
System information distribution should consider performance aspects like accessibility and state transition latency.
Proposal 5
System information distribution should enable a high level of configurability enabling optimization of KPIs such as energy savings and accessibility.
Proposal 6
System information distribution should include fast and efficient mechanisms for handling of system information change.
Proposal 7
System information distribution should explore and leverage the fact that parts of the system information may be the same across a large area, such as the parts associated to system access (e.g. RACH configuration during state transitions).
Proposal 8
NR should be designed so that resources for system access and dedicated transmission can scale differently.
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