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1 Introduction

RAN#71 in March approved a NR SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture and procedures. System information transmission/acquisition is an important radio protocol procedure.  In RAN2 #93bis, our contribution [2] discussed the issues in reusing the LTE approach (i.e. periodic broadcast of all system information) in NR for both beamformed and non beamformed system. It was shown that broadcasting multiple system information blocks using the LTE approach leads to significant system overhead and poor energy efficiency. Several other contributions [3] [4] [5] [6] also raised the issue of resource efficiency in reusing the LTE approach.
In this contribution we discuss how the system information can be signalled in NR.

2 Discussion
In order to overcome the issues in periodic broadcast of all system information, we propose that for the standalone NR operation the most essential system information required by the UE for camping on detected cell and subsequently accessing the camped cell is broadcasted while rest of the system information can be provided to the UE on demand, as shown in Figure 1. A preliminary overview on most essential information is provided in annexure B. In our contribution [2] we have compared this approach with LTE approach of periodic broadcasting of all system information. This approach reduces the overhead significantly. 
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Figure 1
Proposal 1:  Most essential system information is periodically broadcasted. Other system information is provided to UE on demand. 
2.1 On Demand Signaling for other System Information

After acquiring the essential system information if UE needs other system information then UE can request and obtain the system information using one of the following approaches:
Approach 1 (Figure 2): 
In this approach UE in idle state performs the connection setup procedure and enters the RRC connected state. In RRC connected state UE sends system information request message. UE indicates the one or more system information it needs in system information request message. 5G NB sends the requested system information to UE in system information response message.  
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Figure 2

Approach 2 (Figure 3): 

In this approach UE in idle state does not need to enter RRC connected state to request and obtain the desired system information.  UE initiates the random access procedure. In the UL grant received in the random access response corresponding to the PRACH preamble transmitted by UE, UE sends system information request message. UE indicates the one or more system information it needs in system information request message. 5G NB sends the requested system information in system information response message. System information response message can be signaled in broadcast or dedicated manner. With broadcast other UEs which are interested in same system information need not perform preamble transmission thus saving battery power and less resource.
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Figure 3
Approach 3 (Figure 4):

In this approach similar to approach 2, UE in idle state does not need to enter RRC connected state to request and obtain the desired system information. UE transmits PRACH preamble specific to system information or set of system information which the UE wants to obtain. It is assumed that PRACH preamble specific to system information or set of system information are reserved and indicated in broadcasted essential system information. 5G NB sends the requested system information to UE in random access response message. 
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Figure 4
Approach 4 (Figure 5): 

In this approach similar to approach 2/3, UE in idle state does not need to enter RRC connected state to request and obtain the desired system information. UE transmits PRACH preamble specific to system information. It is assumed that PRACH preamble specific to system information is reserved and indicated in broadcasted essential system information. 5G NB sends the common system information which is not broadcasted in essential system information in random access response message. 5G NB may also include UL grant in random access response message. If UE needs additional system information, it sends system information request message in the UL grant. UE indicates the one or more system information it needs in system information request message. 5G NB sends the requested system information in system information response message.
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Figure 5
Table 1 compares the various approaches. Approach 1 has highest signalling overhead because of signalling needed to setup the connection. Approach 3 has the lowest signalling overhead. However, it requires reservation of PRACH preambles to indicate the type of system information. It may not be easy to reserve additional preambles every time new system information is added in the future. Approach 4 has similar overhead as approach 2 or 3 depending on whether UE needs additional system information or not. Approach 4 however does not need require reservation of preamble for each system information. So we prefer to use approach 2 or 4 for on demand signalling of system information.
Table -1
	
	Approach 1
	Approach 2
	Approach 3
	Approach 4

	Signaling Overhead
	High
	Low
	Lowest
	Lowest/Low

	PRACH Preamble Reservation
	Not Needed
	Not Needed
	Needed for specific SI
	Not Needed for each SI

	Future Extensibility
	High
	High
	Low
	High


Proposal 2:  RAN2 should consider and discuss the proposed approaches for signalling the system information not included in the broadcasted essential system information.
2.2 Broadcast Signaling for Essential System Information

Essential system information can be broadcasted using broadcast channel (similar to PBCH in LTE). However if size of essential system information can not fit in the broadcast channel then it can be transmitted using both broadcast and data channel. It is proposed in [6] that a Single Frequency Network (SFN) transmission can be used for broadcasting the most essential system information. Such approach relies on the fact that many parts of system information may be same over a large coverage area. SFN-type transmission can improve reception of system information at cell edges. However as pointed out in [6], SFN-type of transmission requires tight network synchronization and longer cyclic prefix. Having such requirements right from the beginning of system design seems restrictive from future proof point of view. Further, network operators would require sufficient flexibility in building their network so having a restriction of tight network synchronization from the beginning seems not an attractive approach. SFN-type transmission or other mechanisms to improve reception of system information are physical layer aspects and should be first discussed in RAN1. An approach where serving cell broadcast its own most essential system information and most essential system information of few neighbour cells is proposed in [3]. Even though such an approach looks attractive at first sight but it introduces additional complexity on X2 interface for not only collecting neighbour cell system information but also updating neighbour cell system information. Therefore the approaches proposed in [3] should be carefully studied before considering in the design of system information provisioning for NR. 

Observation: SFN-type transmission or other mechanisms to improve reception of system information are physical layer aspects and should be first discussed in RAN1.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:

Proposal 1:  Most essential system information is periodically broadcasted. Other system information is provided to UE on demand.

Proposal 2:  RAN2 should consider and discuss the proposed approaches for signalling the system information not included in the broadcasted essential system information.
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5 Annex A: Text Proposal for TR

X. System Information Principles
Most essential system information is periodically broadcasted. Other system information is provided to UE on demand. List of most essential system information is FFS. Signalling mechanism for system information(s) not included in the broadcasted essential system information is FFS.
6 Annex B: Essential System Information
LTE system broadcast a huge number of parameters (MIB and several SIBs). Each MIB/SIB has a distinct purpose. Table 2 below provides an overview of the main purpose for each SIB/MIB in LTE:
Table -2 LTE MIB/SIB overview
	MIB/SIB
	Main purpose
	Needs to be periodically broadcasted
	Comment

	MIB
	Cell access
	Yes (at least partly)
	Contains DL BW, phich-config and SFN; May be extended in Rel-13 for LC/EC functionality. Periodicity of MIB: 40ms

	SIB1
	Cell access allowed
	Yes (at least partly)
	An IDLE mode UE should only have to read SIB1 in order to determine whether it is allowed to access this cell or not and thus whether it is sensible to camp on this cell or not. As a consequence this SIB contains all info relevant for cell access determination e.g.: PLMN list, TAC, Cell Identity, Barred Status, Cell Selection info, CSG info, P-Max, TDD-Config, multi-band list,…

In addition this SIB also contains scheduling information for all other SIBs and the Value Tag. Periodicity of SIB1: 80ms

	SIB2
	Radio Resource Config
	Yes (at least partly)
	Contains cell related L1/L2 information, necessary for the UE to access the cell (radioResourceConfigCommon, mbsfn-SubframeConfigList, timeAlignmentTimerCommon, UE-TimersandConstants, UL carrier freq, UL BW, additionalSpectrumEmission...)

In addition this SIB also contains parameters to determine when the UE is allowed to access the cell (ACB, SSAC, ASAC)

	SIB3
	Cell reselection
	Yes (at least partly)
	Parameters related to intra-freq cell reselection (allowed measurement bandwidth, Treselect,…)

Parameters common for intra-freq, inter-freq and inter-RAT reselection (speed-state determination)

	SIB4
	Cell reselection intra-freq
	Yes  (at least partly)
	Contains more extended set of parameters for intra-freq reselection (Neighbour cell lists, CSG range)

	SIB5
	Cell reselection inter-freq
	Yes (at least partly)
	Contains more extended set of parameters for inter-freq reselection

	SIB6
	Inter-RAT reselection UMTS
	May be Yes 
	FFS if direct inter-RAT mobility between UMTS and NR is supported?

	SIB7
	Inter-RAT reselection GERAN
	May be Yes 
	FFS if direct inter-RAT mobility between GERAN and NR is supported?

	SIB8
	Inter-RAT reselection CDMA2000
	May be Yes 
	FFS if direct inter-RAT mobility between CDMA2000 and NR is supported?

	SIB9
	Home eNB name
	No
	Not used for access determination; only to show a user readable name to the user.

	SIB10
	ETWS
	No
	Primary notification

	SIB11
	ETWS
	No
	Secondary notification

	SIB12
	CMAS
	No
	CMAS notification

	SIB13
	MBSFN
	No
	MBSFN area definition

	SIB14
	EAB
	Yes
	Parameters for extended Access class Barring 

	SIB15
	MBMS SAI list
	No
	Indicates the Service Area Identities of the MBSFN area provided on this frequency and neighbouring frequencies

	SIB16
	GPS/UTC time
	No
	Mainly relevant for CDMA2000 related phones (CDMA2000 provides this info), but can e.g. be used to set UE clock, determine MBMS starting time, …

	SIB17
	WLAN
	No
	Traffic steering parameters for LTE-WLAN, including list of SSID’s to consider for offload

	SIB18
	D2D Communication
	No
	Parameters related to Sidelink direct communication

	SIB19
	D2D discovery
	No
	Parameters related to Sidelink direct discovery


First it need to be examined from all broadcast parameters in the LTE MIB/SIB whether the parameter would be relevant for NR and if it is determined it is relevant then to determine whether the parameter can be provided either in broadcast or on demand. Referring to Table 1, it seems good to exclude parameters of SIBs 9to be included in periodic broadcast since this information can be provided to UE on demand in NR. It may also seem reasonable to exclude parameters of SIBs 13, 15 since MBMS might not be provided by NR in phase 1. So, SIBs 13, 15 can be provided to UE on demand if MBMS is intended to be provided by NR in future phases. For certain critical system information which pertains to situations of life and death it might be more efficient and quick to provide the information by broadcast (e.g. ETWS, CMAS) since many UEs have to obtain the information. However these are not required to be broadcasted periodically. These can be broadcasted for certain duration after notifying the UEs through broadcast signalling. 
Therefore it seems reasonable to focus the analysis on most essential SIBs: i.e. access related MIB/SIBs (MIB, SIBs1, 2, 14 and mobility related SIBs 3, 4, 5, 6, 7, 8 to determine which parameter is relevant for NR and then determine whether it can be broadcasted periodically. 

A number of parameters where the values of these parameters will potentially change can be periodically broadcasted while other parameters which will remain static can be also considered for pre-configuration. The parameters which are expected to change are SFN, access control parameters, random access configuration etc. These parameters are therefore broadcasted periodically. Further, the PLMN identity would be needed by the UE to decide whether camp on a cell if it meets the cell selection criterion. Further referring to Table 2, apart from the whitelist and blacklist that exist in SIB3, SIB4 and SIB5 none of the parameters therein seem location specific, so can be provided on demand. In SIB6 and SIB7 there is no whitelist signalled so as a result none of the information in SIB6 seems location specific, so can be provided on demand. In SIB8 the neighbour cell lists may have same problem as whitelist in SIB4 and the barring parameters in SIB8 might require special handling due to frequent update and hence can be periodically broadcasted.
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