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1 Introduction
A new radio access technology SI named FS_NR_newRAT is agreed in RAN #71 meeting. From RAN2 perspective, we should identify and investigate the potential issues for radio interface protocol architecture and procedures. Here in this contribution we will focus on the design of system information broadcasting scheme.
2 Discussion
2.1 Potential deployment scenarios and operation modes for new RAT
As well known, LTE has been widely deployed all over the world with an outstanding performance, and we believe it will be deployed more widely as a major wireless mobile communication system in the future. Therefore, the new RAT may be deployed jointly together with LTE in a heterogeneous network as illustrated in Figure 1. In this scenario, LTE serves as macro cell to provide coverage and the new RAT serves as small cell to provide the throughput. On the other hand, the new RAT could also be deployed by itself as shown in Figure 2 and 3. For instance, the new RAT is used to provide a small cell only network or heterogeneous network with Macro and small cells overlaid. Note that in new RAT, perhaps the definition and name of cell would get changed and the term of cell used here is for convenience.
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Figure 1                                                Figure 2                                                 Figure 3
In Figure 1 and 2, the new RAT small cell may function as lean carrier mode with assistance from Macro cell, or it can work standalone by itself. The new RAT small cells in Figure 3 and the new RAT macro cell in Figure 2 should be capable of working standalone. When working as lean carrier mode, the system information is not expected to be broadcast. Instead, A CA or DC like framework to deliver the system information by dedicated signalling from the assisted Macro cell is suggested to support. Else when working as standalone mode, all the new RAT cells are required to broadcast the system information by itself.
2.2 Delivery and Structure of System Information
In this section, we will discuss some potential mechanisms for standalone new RAT cells to deliver the system information to UE. In current LTE system, the system information is divided into MIB and a number of System Information Blocks (SIBs). The following table provides the details about their functions.
Table 1. System Information Items
	System info block name
	Transmission  type and physical channel
	Function description

	MIB
	
	Broadcast on PBCH
	limited number of most essential and most frequently transmitted parameters that are needed to acquire other information from the cell

	SIB1
	
	Broadcast on PDSCH
	Cell access and cell reselection related info, scheduling info list

	SI
	SIB2
	
	radio resource configuration that is common for all UEs 

	
	SIB3
	
	Cell reselection configuration

	
	SIB4
	
	Intra-frequency neighboring cell list, black list

	
	SIB5
	
	Inter-frequency neighboring cell list

	
	SIB6
	
	Neighboring cell list for UTRAN

	
	SIB7
	
	Neighboring cell list for GSM

	
	SIB8
	
	Neighboring cell list for CDMA2000

	
	SIB9
	
	HeNB indicator

	
	SIB10
	
	EWTS primary notification info

	
	SIB11
	
	EWTS secondary notification info

	
	SIB12
	
	CMAS notification

	
	SIB13
	
	Control info for MBMS

	
	SIB14
	
	EAB parameters

	
	SIB15
	
	MBMS Service Area Identities

	
	SIB16
	
	info related to GPS time and Coordinated Universal Time 

	
	SIB17
	
	info relevant for traffic steering between E-UTRAN and WLAN

	
	SIB18
	
	Info and resource configuration for sidelink communication

	
	SIB19
	
	Info and resource configuration for sidelink discovery

	
	SIB20
	
	control info associated transmission of MBMS using SC-PTM


The system information became bigger and bigger gradually from Release 8 to support new features, and this tendency continues according to current LTE mechanism. However, the newly introduced SIBs are only needed by the UEs supporting those specific features. Note that these SIBs are continuously broadcasting periodically even though only a few or none UEs are requiring them. That is to say, the efficiency of the broadcasting of these specific SIBs is very low.

When it comes to new RAT, especially for the higher frequency (e.g. millimeter wave) case, the cell coverage is smaller and hence the number of UEs is fewer in each cell, the resource efficiency problem becomes severer if re-using the system information broadcasting mechanism in LTE. Therefore, in new RAT, some new mechanisms of delivering the system information to UE should be investigated.
One potential approach to improve the resource efficiency is to classify system information into different categories. And only the common and essential system information will be broadcasted and the others could be sent to the UE by dedicated signaling after initial access. For example:
· Category 1: System information which should be received before initial access. For instance, the physical layer parameters for initial access, and some special high layer parameters (e.g. PLMN, NW slice) should be included.

· Category 2: Other system information which can be acquired after the initial access.

Proposal 1: It’s proposed to classify the system information into categories and only the essential category gets broadcasted and the rest is delivered to UE by dedicated signaling.
In LTE, each cell broadcasts the system information by itself. Since the location of MIB and SIB1 are fixed, the interference on MIB/SIB1 becomes the bottleneck for UE to connect the network. Moreover, it also causes high power consumption at eNB to periodically transmit the system information. To solve these two issues, one potential mechanism is to collect the system information of several cells and send them out through broadcast by one cell. This idea is shown by following three figures. For example, in Figure 4, the system information of cell 1/2/3 is gathered and based on which a system information table (SIT) is constructed and sent out by the Macro cell. In Figure 5, the LTE Macro cell is updated to perform the collection and broadcasting. And Figure 6 tries to illustrate the idea that a new RAT cell could be able to send out neighbor cell’s system information.
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Figure6
Proposal 2: It’s proposed to collect the system information of several cells and send them out through broadcast by one cell.
Based on the mechanism of proposal 1 and 2, here we will further investigate two possible ways to make the classifications, and the corresponding procedures are also provided.
The first way is that the SIT only comprises of the information necessary for initial access, e.g., PLMN ID, NW slice information and random access configuration, similar to the information carried in MIB and SIB1 in LTE. And the rest will be delivered to UE by dedicated signalling. However, a problem is when the UE in RRC idle state performs cell (re)selection; it has to access the network first in order to achieve the related information about cell reselection. 
Alternatively, besides the information for initial access mentioned above, the system information related to cell reselection and camping is also suggested to be included in SIT. In this case, the UE in RRC idle state would not need to access the network when it performs cell reselection. As shown in Figure 8, the RA procedure is not mandatory but only required when the UE demands to perform other operations which are not supported by the SIT.
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Proposal 3: The system information in the SIT should at least include the system information related to initial access and cell (re)selection.

3 Conclusion

Based on the analysis, we have the following proposals:
Proposal 1: It’s proposed to classify the system information into categories and only the essential category gets broadcasted and the rest is delivered to UE by dedicated signaling.

Proposal 2: It’s proposed to collect the system information of several cells and send them out through broadcast by one cell.
Proposal 3: The system information in the SIT should at least include the system information related to initial access and cell (re)selection.
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