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Introduction
In TR 38.804 the following guidelines are listed related to system information (SI) distribution:
-	System information distribution should target a single technical framework, ensuring future proofness and smooth introduction of new services and features.
-	System information distribution should consider performance aspects like accessibility and state transition latency.
-	System information distribution should enable a high level of configurability enabling optimization of KPIs such as energy savings and accessibility.
-	System information distribution should include fast and efficient mechanisms for handling of system information change.
-	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).
-	System information distribution in NR should be designed such that UEs supporting less than the carrier bandwidth can determine at least the minimum system information.
In this contribution we discuss some of the principles proposed for SI distribution so far in RAN2 and address some of the open issues and topics listed as for further studies (FFS) in TR 38.804. We also propose a structure for the system information in NR consisting of a synchronization signal (SS), a master information block (MIB) and a set of system information block (SIBs) configurations. 
System information distribution principles.
Minimum and other system information
At the previous RAN2 #92 meeting in Göteborg it was agreed to separate system information into “minimum SI” and “other SI” where the “minimum SI” needs to be broadcasted periodically. The content and the format of the “minimum SI” was left for FFSs but it was agreed that the content “will at least include information to support cell selection, for acquiring “other SI” for accessing the cell”. Furthermore, it was also left as a FFS “whether all cells/TRPs periodically broadcast the “minimum SI””.
Broadcast versus dedicated transmission of system information
The “minimum SI” is periodically broadcasted in NR. In order to provide sufficient area coverage of periodically broadcasted information NR should support repetition in time as well as in the beam domain. 
[bookmark: _Toc463030662][bookmark: _Toc463030704]NR shall support a flexible usage of both time and spatial repetition of system information.
The “other SI” may be provided using dedicated transmission which may be transmitted with or without an RRC connection to the UE, as discussed in [1]. When we have an RRC connection we can benefit from UE specific beamforming. And we can also replace some of the system information that was previously broadcasted with new and possibly more detailed information specifically tailored for this UE. This can e.g. be used to limit the number of bits we need to broadcast since information that is different for different classes of UEs can be provided after a first initial access.   
[bookmark: _Toc463030690]Dedicated transmission of SI may enable significant beamforming gains.
[bookmark: _Toc463030691]Dedicated transmission of SI to a RRC connected UE can be used to replace, complement, and/or refine the SI that is broadcasted. This can be used to reduce the number of SI bits that needs to be broadcasted.
Providing SI to a UE before an RRC connection is available can be done e.g. by configuring the UE to transmit a special system-information-request-PRACH signal. As a response to such a PRACH SI Request transmission the network may respond with a beam-formed system information transmission. This solution may enable the coverage requirement of the broadcasted system information to be relaxed. If for example 99% of the UEs can hear the broadcasted SI and the remaining 1% can request an on-demand beam-formed SI transmission, then the SNR-requirement of the broadcasted system information may be lowered which also can provide significant gains.
[bookmark: _Toc463030692]Dedicated transmission of SI to a non-RRC connected UE (e.g. in response to a SI request PRACH transmission) can be used to relax the SINR target of the broadcasted system information.
[bookmark: _Toc463030663][bookmark: _Toc463030705]Dedicated transmission of SI (both with and without an RRC connection) shall be studied by RAN2.
Index based provisioning of system information
Indexed based provisioning of SI is discussed in [2] and [4]. An index into a table that is known to both the transmitter and the receiver provides a very compact representation of the data. In the case of providing variants of the “minimum SI” in a table we note that the table entries are likely to contain many parameter values that are the same which makes it possible to compress the table efficiently. The table can be provided with a different periodicity that the index and it may also be transmitted from a neighbouring node (e.g.  a macro node providing SI related to underlying micros). Some entries of a system information table may also be hard coded into the standard which could eliminate the need of transmitting the table altogether in some circumstances. A table based solution for provisioning of SI also enables the SI to change very quickly. 
[bookmark: _Toc463030664][bookmark: _Toc463030706]Indexed based provisioning of system information in NR shall be studied by RAN2.
Single frequency network (SFN) transmission of system information
As discussed in [5] RAN2 should also consider the possibility to utilize single frequency network (SFN) transmission formats in order to improve the cell edge coverage of the system information. This is particularly beneficial in centralized RAN deployments where multiple transmission points are connected to the same base band unit.
[bookmark: _Toc463030665][bookmark: _Toc463030707]NR shall support single frequency network (SFN) transmission of system information.
Provisioning of SI from another node or from another carrier
It is proposed (e.g. in [6]) that system information in NR can be provided by other nodes in the network. It is still FFS if this also includes other frequency bands as well as other RATs (such as LTE). 
System information distribution example
An example of the proposed system information distribution for 5G NR is depicted in Figure 1. 
In the example each node transmits a synchronization signal (SS). Associated with the SS each node also transmits a physical broadcast channel (PBCH) containing some of the “minimum SI” that the UE needs to access the network. This part of the “minimum SI” is denoted a MIB in the figure. Note that the content of the MIB in NR is not assumed to be the same as the MIB in LTE. The transmission of SS and the PBCH containing the MIB is depicted with green ovals in the figure. In the example the different nodes transmit different synchronization signals and MIBs. 
By reading the MIB the UE receives information on how to receive the system set of SIBs in the SIB-table. The SIB-table can be transmitted in a different way than the SS and MIB. In this example the transmission of the SIB-table is performed by using a broadcast format such as single frequency network (SFN) transmission and this is depicted with a purple oval in the figure. 
In addition to the “minimum SI” that is periodically broadcasted in the SS+MIB and in the SIB-table the UE may also receive additional SIs e.g. by a dedicated transmission after initial access is established (depicted with a red oval in the figure).
This “dedicated/on-demand” SI is triggered by a request or an event and which could come from either the UE or the network itself. When triggered by the network, it is typically broadcasted and when triggered by a UE, it may be either unicast or broadcast (e.g. triggered by a L1 signal/preamble). Furthermore, this could be an additional SI (which is neither in the MIB nor in the SIB-table) or it could be updates of information in the SIB-table or it could be the same information as in the SIB-table. In the latter case, it is an extra/additional transmission of the SIB table requested by a UE, which is in urgent need of the SI and does not have time to wait for the next regular broadcast, e.g. for support of low latency services/applications.

[image: ]
[bookmark: _Ref461192969]Figure 1: Overview of the proposed solution for system information acquisition in NR.
There should be a large degree of flexibility/configurability in what information that goes into the SIB-table and what is transmitted on demand and to some extent also the division of info between the MIB and the SIB-table.
Periodicity and content of SS and MIB
In order to ensure high energy efficiency of the network nodes it is important that the maximum possible periodicity of the synchronization signal SS can be large, e.g. in the order of 100 ms. The SS periodicity may be different on different frequency bands but in order to ensure a static area coverage of the SI transmission the periodicity of the synchronization signal SS shall be considered to be static on a deployment time scale. The MIB may be transmitted after every Nth SS where the value of N is for further studies (e.g. between 1 and 10).
SS and MIB periodicity:
· SS: Configurable up to 100 ms
· MIB: Transmitted after every Nth SS: N is TBD (e.g. N = 1-10)
The SS and MIB transmission shall provide the UE with at least the following information:
· SIB-table entry indicator: In case the SI-table provides more than one variant then this indicator is used to select which one that is valid in this node.
· SIB-table value tag: This value tag informs the UE if it needs to read the SIB-table again or if it may use a previously received stored version of the table.
· SIB-table decoding information: Information providing the UE with information required to receive the SIB-table transmission.
Additional information fields are expected to be included in the in the MIB in addition to the fields listed above.
[bookmark: _Toc463030666][bookmark: _Toc463030708]The minimum SI in NR consist of a synchronization signal (SS); a physical broadcast channel containing a master information block (MIB); and a physical broadcast channel containing one or more sets of system information blocks (SIBs).
[bookmark: _Toc463030667][bookmark: _Toc463030709]The periodicity of the synchronization signal used for acquiring system information is configurable up to 100 ms.
[bookmark: _Toc463030668][bookmark: _Toc463030710]The MIB may be transmitted with the same or with a longer periodicity than the associated synchronization signal (SS).
Periodicity and content of the SIB-table transmission
The SIB-table contains a set of SIBs for each SIB-table entry indicator. Note that SIBs in NR might be differently numbered in NR than in LTE and that not all SIBs may be broadcasted in the “minimum SI” in NR. But the information provided in the SIB-table entries should be enough to enable the UE to perform a proper PRACH transmission and receive a random access response. This corresponds approximately to SIB1 and SIB2 in LTE. But also information from higher numbered SIBs may be included
We propose that the periodicity of the SIB-table transmission shall be configurable e.g.:
· The SIB-table is transmitted after every Mth MIB: Value of M is FSS (e.g. M = 1, 2, …, 10).
As for the periodicity of SS the periodicity of the SIB-table shall be considered to be static (on a “deployment time scale”, meaning that the periodicity is determined when deploying the network and after that it is typically never changed). Changing the periodicity may affect the coverage area of the system information and should therefore be avoided.
The content of the SIB-table should be:
· Table header part (e.g. table version, PLMN ID, etc)
· Table entries: Specifying PRACH and RAR for each table entry indicator.
Additional information fields are expected to be included in the SIB-table transmission.
[bookmark: _Toc461454251][bookmark: _Toc461454327][bookmark: _Toc463030669][bookmark: _Toc463030711]The SIB-table may be transmitted with the same or with a longer periodicity than the associated master information block (MIB).
Conclusion
In this paper we have reviewed the guidelines related to SI distribution listed in TR 38.804 and briefly discussed the principles for SI provisioning discussed in RAN2 so far. Based on these guidelines we propose a structure for SI distribution in NR fulfilling these guidelines. The proposed structure consists of a synchronization signals (SS), a master information block (MIB), and a table of system information blocks (SIB-table). The content of the MIB and SIB-table is a FFS. Also the naming, structure and exact interpretation of the synchronization signal needs further discussion in RAN2 as well as input from RAN1.
The following observations were made in this paper:
Observation 1	Dedicated transmission of SI may enable significant beamforming gains.
Observation 2	Dedicated transmission of SI to a RRC connected UE can be used to replace, complement, and/or refine the SI that is broadcasted. This can be used to reduce the number of SI bits that needs to be broadcasted.
Observation 3	Dedicated transmission of SI to a non-RRC connected UE (e.g. in response to a SI request PRACH transmission) can be used to relax the SINR target of the broadcasted system information.

Based on the discussion above we propose the following:
Proposal 1	NR shall support a flexible usage of both time and spatial repetition of system information.
Proposal 2	Dedicated transmission of SI (both with and without an RRC connection) shall be studied by RAN2.
Proposal 3	Indexed based provisioning of system information in NR shall be studied by RAN2.
Proposal 4	NR shall support single frequency network (SFN) transmission of system information.
Proposal 5	The minimum SI in NR consist of a synchronization signal (SS); a physical broadcast channel containing a master information block (MIB); and a physical broadcast channel containing one or more sets of system information blocks (SIBs).
Proposal 6	The periodicity of the synchronization signal used for acquiring system information is configurable up to 100 ms.
Proposal 7	The MIB may be transmitted with the same or with a longer periodicity than the associated synchronization signal (SS).
Proposal 8	The SIB-table may be transmitted with the same or with a longer periodicity than the associated master information block (MIB).
[bookmark: _Toc463030670]
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