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1	Introduction
The system information that is delivered by the network is essential for the UE to access and operate properly within the NR. Several contributions about the distribution of system information have been already submitted to RAN2#94, e.g., [1][2][3], touching upon the design principles and guidelines along with some implementation details. From the report of email discussion on system information [4], there seems to be a common understanding of the drawbacks of having an LTE-like system information distribution for NR and the necessity for having a new procedure that is more efficient for the network and UE.
In this contribution, we summarize our general view on the system information distribution for NR. First, we classify the system information into two categories: Minimum SI and Other SI. Then, we discuss the distribution of each category in NR system.
2	Discussion
2.1 Classification of System Information in NR
For the NR, the System Information (SI) is classified into Minimum and Other SI as shown in Fig. 1. 
[image: ]
Figure 1: Classification of SI into Minimum and Other SI.
The Minimum SI comprises the information that is essential for initial access and potentially for idle mode mobility, i.e., cell-reselection parameters, depending on the capacity of broadcast channel. The Minimum SI is broadcasted periodically by each cell of the network. The Other SI comprises the other non-essential SI whose transmission is initiated either by the UE or the network. For example, the UE can trigger the transmission of  Other SI upon an access to the network, or the use of a service requiring specific SI; and the network can push unconditionally the Other SI to the UE upon e.g. performing RRC connection. Moreover, the Other SI is sent for the UE either using broadcast or  dedicated transmission depending on some criteria. For instance, the network can decide to broadcast the Other SI in case of an update or receiving a request to send EWTS and CMAS warning messages. In the other cases, the Other SI is acquired using dedicated transmission.
Proposal 1: System information is classified into Minimum SI that is essential information for initial access and potentially for idle mode mobility and Other SI containing the other non-essential information.
Proposal 2: Minimum SI is broadcasted periodically whereas the Other SI is transmitted to the UE either in a broadcast or dedicated manner depending on some criteria.
Proposal 3: Transmission of Other SI can be initiated either by the UE or by the network.
2.2 Distribution of Minimum SI
As in LTE, the Minimum SI is distributed using a Master Information Block (MIB) having a different periodicity than the other System Information Blocks (SIBs) containing the remaining part of Minimum SI that is not carried out by MIB. The use of different periodicities can help to reduce the downlink signalling overhead resulting from broadcast transmission, which is especially relevant for NR operating at high carrier frequencies which uses beam sweeping for broadcast [6].
For NR operating at low carrier frequency, the capacity of broadcast channel is not a limiting factor as in NR systems operating at high carrier frequency. Considering the system information of LTE as baseline [5], the Minimum SI of NR operating at low carrier frequency is expected to contain at least the information relevant for initial access and idle mode mobility: 
1. Information relevant for initial access
a. Master Information Block (MIB) containing a limited number of most frequently transmitted parameters required for initial access.
b. System Information Block (SIB) 1 containing the parameters needed for PLMN selection, cell selection and access.
c. SIB 2 containing the information about radio resource configuration.
d. SIB 14 containing the extended access class barring parameters that are defined to avoid an overload from MTC devices.

2. Information relevant for idle mode mobility
a. SIB 3 to SIB 8 containing the intra-frequency, inter-frequency and inter-RAT cell-reselection parameters.
Proposal 4: For NR operating at low carrier frequency, the Minimum SI contains at least the information relevant for initial access and idle mode mobility.
For NR operating at high carrier frequency, the capacity of the channel carrying the Minimum SI that is not in MIB, denoted by xSIB, might be a limiting factor with respect to the number and type of information elements that can be broadcasted. As reflected in [4][6], a reasonable range for the capacity of xSIB has to be determined first with the help of RAN 1 such that the resulting signalling overhead in the system is still acceptable. Nevertheless, to avoid an impact on the current PLMN selection and cell-selection procedures, the capacity of the xSIB is expected to be large enough to contain at least the information that is relevant for initial access.
Proposal 5: For NR operating at high carrier frequency, the Minimum SI should contain at least the information that is relevant for initial access.
One option to increase the amount of broadcasted SI is to consider having in xSIB an index pointing to some default configuration that is saved in the UE and a procedure that allows the network to update some of these default parameters. 
Observation 1: The broadcast channel can consider having index pointing to some default configuration that is saved in the UE and which can be updated by the network.
This, it is not guaranteed to have the idle mode mobility parameters, i.e., SIB 3 to 8, broadcasted in NR operating at high carrier frequency if the capacity of xSIB is found to be limited, for instance. In this case, the idle mode mobility parameters will be part of the Other SI that is acquired using dedicated transmission.
2.2 Distribution of Other SI
There are two options on how to configure the Other SI in NR and they are summarized in Fig. 2.
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a. The Other SI is split into common and cell-specific SI.              b.  All Other SI is configured as                                            
                                                                                                                                        cell-specific.
Figure 2: The two configuration options of the Other SI.
The first option shown in Fig. 2a is to split the Other SI into common SI that is valid for a group of cells, e.g., cells within a geographical area, and cell-specific SI that can be different among the cells of the group. This option is relevant if the number of parameters that are common is high resulting in downlink signalling overhead reduction. 
Observation 2: Splitting the Other SI into common and cell-specific SI is relevant if the number of common parameters is high.
However, there are some configuration parameters in the SI that are optimized by the mobile operators to enhance the system and UE performance; and many of these optimizations are carried out in a cell-specific manner. In order not to lose this flexibility and feature, the common SI shall contain the parameters that are not subject to cell-specific optimization. These common parameters have to be analysed and determined first by RAN 2 before proceeding with this option.
Proposal 6: RAN 2 to analyse and determine if there are some parameters in Other SI that are not subject to any network optimization.
The second option of Fig 2b is to have all Other SI configured as cell-specific. This option gives full flexibility for the mobile operators to optimize the parameters in a cell-specific way, however, at the expense of a higher signalling overhead.
Observation 3: Configuring all Other SI as cell-specific gives mobile operators full flexibility for network optimization at the expense of an increase in signalling overhead. 
For both configuration options shown in Fig. 2, there are two approaches on how the UE can acquire the cell-specific SI as shown in Fig. 3. The first approach is that the UE acquires the cell-specific SI for one cell whereas in the second approach the UE acquires the cell-specific SI for a group of cells.
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Figure 3: Cell-specific SI is acquired either for one cell or for a group of cells.
The advantages and disadvantages of each approach is summarized in Table 1.
Table 1: The advantages and disadvantages of acquiring the cell-specific SI for one cell or a group of cells.
	
	Approach 1: Cell-specific SI acquired for one cell
	Approach 2: Cell-specific SI acquired for a group of  cells

	Uplink signalling overhead resulting from sending the request for cell-specific SI
	High as new UE request is needed when moving to a new cell
	Low as the UE request is needed only when the UE leaves out the coverage of the cells in the group

	Impact on UE power consumption
	High due to more frequent UE request of SI when moving to new cell
	Low as the UE request for SI is performed occasionally when leaving out the coverage of the cells in the group

	Backhaul signalling overhead
	No impact as coordination is not needed among group of cells
	High if the group of cells have to share their SI in a distributed manner

	Complexity for updating the SI
	                     Low
	High as coordination may be required among the cells of the group



According to Table 1, the advantage of the second approach compared to the first approach is that the UE does not need to request the SI after each cell change, and consequently, the uplink signalling overhead and UE power consumption are lower. This is relevant if cell-reselection parameters are part of Other SI since the UE can acquire them once while moving in the coverage of the cells in the group. Moreover, the second approach can help keeping the power consumptions of RRC Idle and RRC Inactive Connected states [7] to their minimal levels. On the other hand, these benefits come along with some additional complexity for coordinating the transmission and the update of the SI among the cells in the group.
Observation 4: Acquiring Other SI for a group of cells can help to reduce the uplink signalling overhead and power consumption of the UEs.

3	Summary
In this contribution, we have provided an overview about how to distribute the system information in NR. The following has been observed and proposed:
Observation 1: The broadcast channel can consider having index pointing to some default configuration that is saved in the UE and which can be updated by the network.
Observation 2: Splitting the Other SI into common and cell-specific SI is relevant if the number of common parameters is high.
Observation 3: Configuring all Other SI as cell-specific gives mobile operators full flexibility for network optimization at the expense of an increase in signalling overhead. 
Observation 4: Acquiring Other SI for a group of cells can help to reduce the uplink signalling overhead and power consumption of the UEs.

Proposal 1: System information is classified into Minimum SI that is essential information for initial access and potentially for idle mode mobility and Other SI containing the other non-essential information.
Proposal 2: Minimum SI is broadcasted periodically whereas the Other SI is transmitted to the UE either in a broadcast or dedicated manner depending on some criteria.
Proposal 3: Transmission of Other SI can be initiated either by the UE or by the network.
Proposal 4: For NR operating at low carrier frequency, the Minimum SI contains at least the information relevant for initial access and idle mode mobility.
Proposal 5: For NR operating at high carrier frequency, the Minimum SI should contain at least the information that is relevant for initial access.
Proposal 6: RAN 2 to analyse and determine if there are some parameters in Other SI that are not subject to any network optimization.
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