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1 Introduction

This contribution discusses what constitutes minimum SI and how minimum SI and other SI are delivered to the UE for both sub 6 GHz and mmW deployments. The following related agreements in previous RAN2 meetings were captured:

Agreements in RAN2 #95 [1]
1: 
Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).
2: 
Minimum SI needs to be broadcasted periodically. 

3: 
Contents and format of minimum SI are FFS. Content will at least include information to support cell selection, for acquiring other SI, for accessing the cell. 

Agreements in RAN2 #95bis [2]
1: 
In addition to basic information for initial access to the cell, the minimum SIs should include the scheduling information for broadcasted SIs

2:   PWS information can be classified into other SI. FFS whether this PWS would need additional enhancements. 

2: 
For on demand SI, other SIs may be broadcasted at configurable periodicity (equivalent to SI period in LTE) and for a certain duration.
3: 
Request of the other SI by idle and “new state” UE should be performed without state transition.
4:   For an SI required by the UE, the UE should know whether it is available in the cell and whether it is broadcast or not before it sends the other SI request (e.g. by checking minimum SI).  

Agreements in RAN2 #96 [3]

1: 
The minimum SI should provide the information of Other SIs available in the cell, including the SIB type and validity information.
2:   UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.
3: 
The SI transmission window in LTE is baseline for NR.
4: 
The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information. (FFS: Whether MSG1 and/or MSG3 is used to carry other SI request.)

5:   For UEs in connected, dedicated RRC signalling can be used for the request and delivery of other SI.
Based on the above agreements, we propose further details on the contents of minimum SI and how to reduce them due to constrained broadcast capacity in NR.
2 Contents of minimum SI
As we know, it is important to limit the size of minimum SI due to constrained broadcast capacity in NR, especially for mmW with beam sweeping. According to the current agreements in RAN2, minimum SI should at least provide the following functionality:

1. Information to support cell selection, for acquiring other SI, for accessing the cell.
2. The scheduling information for broadcasted SIs.

3. Information of Other SIs available in the cell, including the SIB type and validity information.
Although discussion on details of these fields in NR has not been started, we could get a rough estimation based on LTE’s MIB/SIBs in Table 1:

Table 1: Rough estimation of size of NR minimum SI

	NR SI for sub6 & mmWave
	Estimated size (bits)
	Source in LTE
	comments

	dl-Bandwidth
	3
	LTE MIB
	 

	subcarrier spacing
	3
	N/A
	 

	bandOffset (TBD)
	4
	N/A
	mmW specific: offset of xSS in band 

	system frame number
	8
	LTE MIB
	 

	PLMN identity
	Up to 6×24 (max 6 PLMNs)
	LTE SIB1
	cellAccessRelateInfo

	cell Identity 
	28
	LTE SIB1
	cellAccessRelateInfo

	trackingAreaCode
	16
	LTE SIB1
	cellAccessRelateInfo

	notifcationAreaCode (TBD)
	TBD
	N/A
	For RRC-INACTIVE state

	cell barring
	1
	LTE SIB1
	cellAccessRelateInfo

	CSG indicator
	1
	LTE SIB1
	cellAccessRelateInfo

	CSG identity
	27
	LTE SIB1
	cellAccessRelateInfo

	IntraFreqReselection
	1
	LTE SIB1
	cellAccessRelateInfo

	q-RxLevMin
	6
	LTE SIB1
	 cellSelectionInfo

	qRxLevMinOffset
	3
	LTE SIB1
	cellSelectionInfo

	p-Max
	6
	LTE SIB1
	cellSelectionInfo

	FreqBandIndicator
	6
	LTE SIB1
	 

	ac-BarringForEmergency
	1
	LTE SIB2
	ac-BarringInfo

	ac-BarringForMO-Signalling
	12
	LTE SIB2
	ac-BarringInfo

	ac-BarringForMO-Data
	12
	LTE SIB2
	ac-BarringInfo

	Value tag for SI
	5
	LTE SIB1
	 

	Scheduling information for broadcasted SIs
	TBD
	LTE SIB1
	Information to acquire other SIs 

	PRACH configuration for on-demand SIs 
	TBD
	LTE SIB2
	Information to acquire other SIs 


Based on above estimation, the total payload size of minimum SI is between at least 163bit (assuming only 1 PLMN) and 283bit (assuming up to 6 PLMNs), even if all the TBD fields are not counted. Such number is too high for NR SI, especially for mmW deployments with beam sweeping [4]. It motivates us to compress some fields of the minimum SI.    

As we seen in the estimation, payload size of PLMN list is quite large, and it has the largest impact in varying the size of minimum SI. Therefore, it is necessary to compress it. As one solution, if PLMN list is required, we could add one tag associated with the PLMN ID list. Upon acquiring the minimum SI, UE may perform random access to acquire PLMN list and associate the PLMN list with that PLMN list tag. UE does not need to RACH again to acquire PLMN list if it detects the same PLMN list tag after acquiring minimum SI in another cell.         
Proposal 1: Consider compressing the PLMN list in minimum SI.
Another solution to compress payload size of minimum SI is to consider adding a SI configuration tag, which allows UEs to utilize cached SI associated with the tag without RACH request. The SI configuration tag may serve as an early indication of the version of the valid SI. The mapping between the configuration tag and actual SI may be configured by the network at the time when the UE attaches to the network. Moreover, this solution has benefit to prevent frequent PRACH transmissions for the request of Other SI as discussed in Section 2.2, due to cell reselections, especially in high-mobility scenarios. Minimum SI when configuration tag is utilized is illustrated in Table 2.  
Proposal 2: Consider introducing SI configuration tag associated with cached SI.

Table 2: Minimum SI with use of configuration tag
	NR SI for sub6 & mmWave
	Estimated size (bits)
	Source in LTE
	comments

	dl-Bandwidth
	3
	LTE MIB
	 

	subcarrier spacing
	3
	N/A
	 

	bandOffset (TBD)
	4
	N/A
	mmW specific: offset of xSS in band 

	system frame number
	8
	LTE MIB
	 

	PLMN identity (compressed)
	16
	LTE SIB1
	cellAccessRelateInfo

	cell barring
	1
	LTE SIB1
	cellAccessRelateInfo

	CSG indicator
	1
	LTE SIB1
	cellAccessRelateInfo

	IntraFreqReselection
	1
	LTE SIB1
	cellAccessRelateInfo

	ac-BarringForEmergency
	1
	LTE SIB2
	ac-BarringInfo

	Value tag for SI
	5
	LTE SIB1
	 

	Configuration tag
	4
	N/A
	

	Scheduling information for broadcasted SIs
	TBD
	LTE SIB1
	Information to acquire other SIs 

	PRACH configuration for on-demand SIs 
	TBD
	LTE SIB2
	Information to acquire other SIs 


3 Conclusions

This contribution discusses what constitutes minimum SI for both sub 6 GHz and mmW deployments. We have the following proposals:
Proposal 1: Consider compressing the PLMN list in minimum SI.

Proposal 2: Consider introducing SI configuration tag associated with cached SI without RACH request.
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