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1 Introduction

RAN#71 approves in March a NR SID [1]. An initial aspect of this SID is for RAN2 to study and agree on the radio protocol architecture and procedures. System information aspects were discussed during RAN2 #93bis meeting (e.g. [2]

 REF _Ref450793371 \r \h 
[3]

 REF _Ref450793374 \r \h 
[4]

 REF _Ref450793375 \r \h 
[5]

 REF _Ref450793377 \r \h 
[6]), and through email discussion following RAN #94 meeting [10]. In this contribution, we take a further look at System information aspects in NR, in light of previous RAN2 discussions.

2 Discussion
Initial System requirements for the Next Generation (NG) Access Technologies and the Next Generation (NG) architecture are captured in TR 23.799 [8] and TR 38.913 [7]. Several key performances indicators (KPI) for the access technology are also captured in TR 38.913. As well stated in [4], these requirements and KPIs are expected to have significant impact on the design of System information transmission and acquisition procedures. 
Example of KPIs in TR 38.913 [7] that may impose new requirements on the design of the NR system information signalling procedures include extended UE battery life, Network energy efficiency, control plane latency, connection density, target coverage and the resource utilization efficiency related KPIs such as achievable peak data rate, user experienced data rate, and spectral efficiency related KPIs. Operational requirements (e.g. deployment flexibility with support of network slicing, centralized versus distributed network functions, and scalability) and forward compatibility design requirement are also key aspects to consider.
As described in [1], it is assumed for NR that a single technical framework should address all usage scenarios for enhanced mobile broadband (eMBB), massive machine-type-communications (mMTC) and ultra-reliable and low latency communications (URLL). This poses additional challenges to the design of initial system access procedures such as system information signalling, since all these service categories may have different performance requirements (e.g. data rate, latency, connection density, mobility, UE battery life, etc.…). 
From the email discussion [10], there seems to be a common understanding on the followings:

· NR System information can be categorized into two groups, access SI and other SI, where the access SI contains all parameters essentially required for system access and the other SI contain anything else. Access SI is periodically broadcast. Other SI can be provided on demand.

· Network is in full control of the triggering mechanism to be applied for delivery of Other SI.

The following aspects however require more discussion:
· Content of access SI

· Whether all cells/carriers/TRPs periodically broadcast the minimum SI
In LTE, the following system information are required system information: MIB, SIB1, SIB2 through SIB8 depending on the support of the concerned RATs and SIB17 depending on the support of RAN-assisted WLAN interworking. SIB1 includes information mainly related to whether a terminal is allowed to camp on a cell. SIB2 mainly include information that terminals need in order to be able to access the cell. SIB3 mainly includes cell re-selection information common for intra-frequency, inter-frequency and/ or inter-RAT cell re-selection as well as intra-frequency cell re-selection information other than neighbouring cell related. SIB4-SIB8 include neighbouring-cell related information. 

Observation 1: LTE System Information included in MIB, SIB1, SIB2, and SIB3 when applicable may, serve as a reference in identifying NR most essential system information.
Observation 2: For scenarios where mobility or multi-connectivity applies, LTE SIB4 to SIB 8 as well as SIB17 may serve as a reference in identifying NR most essential system information.
The contents of the access SI will depend on the design of the new radio as well as the overall system architecture. Clearly the access SI will be impacted by the work in RAN1 and RAN2. But it might also be impacted by the work in SA2 and RAN3, for e.g. tracking area management, UE mobility and reachability solution for idle mode UE may impact the access SI content.
Proposal 1: RAN2 should study and decide on NR access system information within RAN2 scope.
Proposal 2: RAN2 should ask RAN1, RAN3 and SA2 to identify as part of their works, access system information versus other system information.
As indicated above, a common understanding from the email discussion is that the content of the access SI will be periodically broadcasted.  
In [2], results of a preliminary overhead analysis of broadcasting all system information, versus broadcasting most essential system information while rest of the system information is provided to the UE through dedicated signalling are presented. The assumed use case appears to correspond to the case of broadband access in a crowd (e.g. as defined by NGMN) with a density of 150,000 connections/km2. According to the result of this preliminary analysis and broadcast overhead estimate model used, the legacy approach roughly seems to incur significantly high overhead compared with alternative approach where only the most essential system information is broadcasted. Obviously the expected signalling overhead will be sensitive to the assumed analytical model, the parameters used and the assumed values of those parameters. It is also not very clear how well the again scales up to other use cases for e.g. mMTC or URLL or other densification or future deployment scenarios. 
Observation 3: Expected gain of the approach where only the most essential system information is broadcasted could be sensitive to the assumed overhead analytical model.
As a general design principle, the system information distribution should be flexible to ensure future proofness and smooth introduction of new services and features. With beamforming, the system information transmission overhead (time/frequency resources) is N times the overhead of transmission without beamforming.  The overhead of SI transmission even when only access SI is periodically broadcasted might still be significant. In addition, control plane latency including system access latency, a key KPI to consider will be much more stringent than that of the current cellular systems for many targeted use cases.

Observation 4: The overhead of system information signalling even when only access system information is broadcasted may still be significant for future use cases or deployment scenarios not anticipated today.
RAN2 should avoid earlier generation system limitations, of one solution fits all. Solutions that are flexible enough to scale and adapt to various deployment scenarios across the many verticals targeted by the NR out to be considered.  Some SIs will obviously be common across cell, the UE should not be required to re-acquire these common SIs as it moves across cells. Similarly the network should have the flexibility to avoid redundant SI transmission within localized geographical areas.

Proposal 3: The network may configure identical SIs in a certain area and UE is not required to acquire the common SIs while the UE moves across the cells.
RAN2 should also consider approaches where the system information are not always explicitly signalled to the UE. For example as suggested in [9], the UE may be configured with system information table where each entry in the table contain a system information configuration. The table and the index could be broadcasted with different periods with the index being broadcasted more frequently. The tables may even be preconfigured tables.  
It should be noted that this approach also has the advantage to reduce the transmission cost (time/frequency resources, latency, energy efficiency, etc.) not only for access SIs but also for other SIs. 
Proposal 4: RAN2 should study System information provisioning approaches where SIs are distributed but actual system information configurations are not all always explicitly signalled over the air interface.
3 Conclusion

In this contribution, we reviewed some of the views expressed, during RAN2 #93bis meeting and the follow-up email discussion after RAN2 #94 meeting, on system information provisioning and proposed the following:

Observation 1: LTE System Information included in MIB, SIB1, SIB2, and SIB3 when applicable may, serve as a reference in identifying NR most essential system information.
Observation 2: For scenarios where mobility or multi-connectivity applies, LTE SIB4 to SIB 8 as well as SIB17 may serve as a reference in identifying NR most essential system information.
Proposal 1: RAN2 should study and decide on NR access system information within RAN2 scope.
Proposal 2: RAN2 should ask RAN1, RAN3 and SA2 to identify as part of their works, access system information versus other system information.
Observation 3: Expected gain of the approach where only the most essential system information is broadcasted could be sensitive to the assumed overhead analytical model.
Observation 4: The overhead of system information signalling even when only access system information is broadcasted may still be significant for future use cases or deployment scenarios not anticipated today.
Proposal 3: The network may configure identical SIs in a certain area and UE is not required to acquire the common SIs while the UE moves across the cells.
Proposal 4: RAN2 should study System information provisioning approaches where SIs are distributed but actual system information configurations are not all always explicitly signalled over the air interface.
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