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1   Introduction
As initial procedure for an NR UE to access NR, the system information broadcast and acquisition help UE to operate properly within the new radio system.  In this document, we provide our views on the system information acquisition and update based on the email discussions in [1]. 
2   Discussion
2.1 New challenges for NR system information
As we analyzed in [2], for LTE system, MIB and overall 20 SIBs are periodically broadcast, which incurs large signalling overhead, though the transmission of SIBs (other than SIB1) could be flexibly configured.  
For the NR, there are many new challenges as follows [2]: 
· A single framework would be needed to support diverse usage scenarios and the diversity of UE capabilities (e.g., in terms of channel bandwidth and power consumption etc). 

· The beamforming in higher frequency may multiply the increase of signaling overhead due to the beam sweeping procedure.

Hence, broadcast signalling overhead would be cumbersome to the overall system spectral efficiency which is especially true under the beamforming technique in higher frequencies. 

Proposal 1: The NR should broadcast very limited amount of system information, and transmit others only when necessary. 
Classification of system information 
In order to classify SI into always broadcasted SI and other SI, at the beginning, NR could take LTE system as a starting point. 
Table I gives the analysis of SI in LTE system (not all information elements are listed). Similar to the analysis in [3], the SI is classified into two parts: static part which is transmitted more often (e.g. once per frame), and flexible part which has flexible period and includes most of the other information.  
Table I SI analysis in LTE system
	Information elements
	currently located in
	type of information
	required for initial access

	
	
	static part
	Flexible part
	yes
	no

	DL-Bandwidth, PHICH-Config, SFN
	MIB
	X
	
	X
	

	CellAccessRelated(PLMN-ID, TAC, Cell ID etc)
	SIB-1
	X
	
	X
	

	SchedulingInfoList
	SIB1
	X
	
	X
	

	SystemInfoValueTag
	SIB1
	X
	
	X
	

	AC-BarringInfo/ACDC-Barring
	SIB2
	
	X
	X
	

	radioResourceConfigCommon(RACH-Config, PCCH-Config, PDSCH-Config, PUSCH-Config etc)
	SIB2
	
	X
	X
	

	MBSFN-SubframeConfig
	SIB2
	
	X
	
	X

	cellReselectionInfo for intra-frequency, inter-frequency and/ or inter-RAT
	SIB3
	
	X
	
	X

	CellReRelection for intra-frequency
	SIB4
	
	X
	
	X

	CellReRelection for inter-frequency
	SIB5
	
	X
	
	X

	ETWS
	SIB10/11
	
	X
	
	X

	eab-Param
	SIB14
	
	X
	X
	


Typically, MIB, SIB1, SIB2 and SIB14 could be treated as always broadcasted SI which is required for initial access. As shown in Table I, MIB would contain the most essential and most frequently transmitted parameters, and SIB1 includes PLMN ID, Cell ID, systemInfoValueTag, and scheduling of other system information, and SIB2 contains radio configuration information like RACH. As initial access may depend very much on RAN1 work, e.g., to use beamforming for RACH procedure in higher frequency bands, more detailed contents within the “always broadcasted” SI used for initial access would rely on the detailed NR system design and should be defined in coordination with RAN1. 
Proposal 2: LTE MIB/SIB1/SIB2 kind of system information could be treated as “always broadcasted” SI, but the detailed content would be based on the NR design and outcome of RAN1. 
Further at last RAN2#94 meeting, it was agreed the UE controlled mobility as one of mobility states (RRC-IDLE state).  
· As baseline, NR shall support a state with network controlled mobility handling and a state with UE controlled mobility.
Thus the cell (re)selection SI would be supported by the NR. Typically, similar to SIB3, SIB4 and SIB5 in LTE system, this SI may include parameters for NR intra-frequency, inter-frequency as well as the inter-RAT cell (re)selection information between the NR and LTE. There are two potential ways to classify this SI. 
· If this SI is treated as most-important information and periodically broadcasted, it could facilitate the IDLE UEs SI acquisition and cell reselection rapidly. However as analyzed above, the signalling overhead would be a big challenge especially for high-frequency NR scenarios. 
· If this SI is treated as other SI and transmitted only when necessary, the signalling overhead could be largely reduced from the network perspective. But this might have a negative impact on UE power consumption to acquire this SI.
Hence it should be well balanced between the signalling overhead reduction from network perspective and UE power consumption from UE perspective. As noted above, the NR would be designed to meet all deployment scenarios. On one hand, the NR could be deployed at diverse frequencies from several hundred MHz to tens of GHz. For low frequency rural deployment, it may not be severe to broadcast more SI. However for high-frequency dense deployment, it should treat the cell reselection SI as other SI transmitted only when necessary to reduce the broadcast signalling overhead.
Other SI messages, such as those for D2D, ETWS, MBMS etc, could be treated as other SIs. 
Proposal 3: While always-broadcasted SI are broadcasted in all (standalone) deployments, whether other SIs should be broadcasted or unicasted can be determined by particular system deployments.
System information transfer
2.2.1   Broadcasted system information transfer
As discussed above, there are two kinds of broadcasted SI: always broadcast SI and other SI which is broadcasted when necessary. The always broadcast SI could be used for UE initial access. While other broadcasted SI could be used in the following scenarios. 
· In low frequency rural deployment where the broadcast signalling overhead may not be severe. 
· In case of other SI update where the NR NB could broadcast other SI a limited times for both connected UEs and idle UEs.
· When a large number of UEs request the same SI, for which the NR could broadcast to avoid the dedicated signalling towards each UE.  
For these broadcasted SI it is possible to follow LTE solution: MIB containing very limited amount information is broadcasted quite frequently (the periodicity and contents could be determined by RAN1), while other important information could be broadcasted with relatively longer periodicity. Further, LTE defines a number of SIBs characterized by the type of information and with different configured periodicity. It is for the NR to determine whether to classify other important information into multiple SIBs according to the type of information. 
· On one hand, the further classification could be useful for the introduction of new features in a forward-compatibility way e.g. to deploy new services rapidly and efficiently. 
· On the other hand, without the classification it makes the NR broadcast system information more concise and less spread of the system information, which could increase the opportunity of network DTX duration. 
Proposal 4: While some SIs may be broadcasted at fixed time intervals, e.g., the most essential ones of always-broadcasted SIs, other SIs may be broadcasted at configurable periodicity. 
To reduce the SI decoding cost at UE, UE may store the SI corresponding to multiple neighbourhood cells. When the UE finds that the stored SI is valid, it may extract it from local storage without decoding it over the air.
Some approaches may be considered for robust system information broadcast, especially to address the challenges in high-frequency band: 
· SFN transmission where the system information broadcast could be transmitted from multiple synchronized TRPs; 
· The coverage TRP (e.g. deployed in lower-band spectrum) could broadcast the system information for its covered performance TRP(s) (e.g. deployed in high-frequency bands)
As illustrated in Fig. 1, the UE could acquire the broadcasted SI from a given TRP or by MBSFN mode across a group of TRPs, based on the network topology. 
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Fig. 1 Common SI Broadcast
Proposal 5: For a NR UE, the broadcasted SI may be from a given TRP within a given geographical area or by transmissions across a group of TRPs (e.g., using SFN mode), which can be determined by network.
Unicasted system information transfer
In order for the UE to acquire other SI, there are mainly two triggering options: triggered by the UE or the NR NB. 
· Option 1: triggered by the UE
The request and response procedure between the UE and NR NB is required. The UE could send the SI request message to indicate which SI are requested based on e.g. the service type, UE capabilities etc. Then the NR NB replies with the dedicated signalling. This procedure could be easily supported for connected UE. 
However as indicated in [4], this request/response procedure is not always optimal. One typical scenario is for idle UEs to acquire the cell reselection SI. Each time the IDLE UE moves to the new cell or found the stored SI invalid, it would send the request message, which however may incur unexpected power consumption or even network congestion in case of a large number of idle UEs. Hence potential solutions to resolve the issues should be further studied. One of them to reduce the request/response transfer is for each UE to store the SI corresponding to multiple neighbourhood cells. When the UE found that SI valid, it could reuse its stored SI without the SI triggering procedure.
· Option 2: Triggered by the NR NB

The NR NB could proactively send its SI by dedicated signalling. For UEs in RRC_CONNECTED, the NR NB could send the required SI via dedicated signalling to the target UE based on the e.g. service request from the CN. 
Based on the above, there are two options for the unicast SI transfer. NR system should have full flexibility to implement the optimal solutions in order to adapt to different deployment scenarios.  
Proposal 6: The unicast delivery of SI could be triggered by NR NB or UE. 
System information transfer framework
Based on the analysis above, the three-level system information framework is given in Fig.1. 
· Level 1: The “always broadcasted” information required for initial access is broadcasted periodically (note that the MIB and SIB1 are not shown separately). 
· Level 2: Some other SI could be broadcasted as needed, e.g., in case of SI update or when a large number of UEs request the same SI. 
· Level 3: Some SI would be provisioned to the UE upon UE request or proactively transmitted by dedicated signalling 
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Fig. 2 three-level system information framework
Proposal 7: RAN2 should take the three-level SI framework in Fig.2 as the SI framework for NR system. 
NR System information update
In order to avoid the continuous SI detection for NR UEs, NR should support SI validity and notification of changes as well.  Following the LTE SI update procedure, notification message could be used to inform UEs in idle and connected states about the SI change. Also the value tag in SIB1 could be introduced as well. 
Proposal 8: NR SI validity and notification of changes could take LTE solution as baseline. 
3   Conclusion
By analysing the challenges and requirements in NR, we made the following proposals for the delivery of system information in NR:
Proposal 1: The NR should broadcast very limited amount of system information, and transmit others only when necessary.
Proposal 2: LTE MIB/SIB1/SIB2 kind of system information could be treated as always broadcasted SI, but the detailed content would be based on the NR design and outcome of RAN1. 
Proposal 3: While always-broadcasted SI are broadcasted in all (standalone) deployments, whether other SIs should be broadcasted or unicasted can be determined by particular system deployments.
Proposal 4: While some SIs may be broadcasted at fixed time intervals, e.g., the most essential ones of always-broadcasted SIs, other SIs may be broadcasted at configurable periodicity. 

Proposal 5: For a NR UE, the broadcasted SI may be from a given TRP within a given geographical area or by transmissions across a group of TRPs (e.g., using SFN mode), which can be determined by network.
Proposal 6: The unicast delivery of SI could be triggered by NR NB or UE. 

Proposal 7: RAN2 should take the three-level SI framework in Fig.2 as the SI framework for NR system.
Proposal 8: NR SI validity and notification of changes could take LTE solution as baseline. 
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