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1   Introduction
RAN1 has made the following agreement on minimum system information transmission in RAN1#87 and sent LS to RAN2 [1]:
	RAN1 agreement [1]
· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH

· Alt. 2: NR-PBCH carries all of minimum system information

· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)

· Information necessary to receive remaining minimum system information is provided after initial UL transmission
· Other examples are not precluded
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific, cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI



Meanwhile, RAN1 asks RAN2 to clarify the following items in the LS [1]:
· the contents and RAN2 preferred size of minimum system information 
· whether it can be delivered by on demand. 
In this contribution, we present our views on above items. 
2   Discussion
2.2   Contents and size of minimum system information
RAN2 Agreements [3] [4]
	RAN 2 agreements:
It was agreed at RAN2#95 that contents of minimum SI would at least include information which provides the following functionality:
· Information to support cell selection 

· Information to access the camped cell 

· Information for requesting the Other SI

At RAN2#95bis in addition to above it was agreed to include the scheduling information for broadcasted SIs in the minimum SI.

At RAN2#96 in addition to above it was agreed to include the following information in the minimum SI:
· the information of Other SIs available in the cell, including the SIB type and validity information.

· UE checks the scheduling information of the other SI in the minimum SI to detect whether a specific SIB is being broadcasted or not.

· The SI transmission window in LTE is baseline for NR.

· The scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information.


Based on RAN2 agreement, the minimum SI can be regarded as the roughly equivalent information of MIB/SIB1/SIB2 in LTE. And Minimum SI shall enable the UE to camp on the cell and UE is able to access the cell. Such minimum SI should comprise at least:

1. PLMN selection and cell selection;
2. Information demanded to access the cell for either requesting the Other SI or for transitioning to RRC connected mode
Observation 1:  In summary, we list the contents of minimum SI in NR based on RAN2 current agreement, which corresponds roughly to MIB, SIB1 and SIB2 in LTE (some specific IEs might not be same, e.g. numerology related IEs and slice related IE,  which are still under discussion):
· Parameters to support initial access

· Parameters to support cell selection 
· Information of other SIs available in the cell, including the SIB type and validity information 
· Scheduling information for periodically broadcasted SI-block(s), the scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information

· Configuration for requesting other SIB(s) if on demand mechanism is allowed
Nevertheless, considering the total L1 resources are still unknown and some criteria are still under discussion, it is still not clear what the content of the minimum SI is in NR in this stage of the standardization.  Hence, it is very difficult to predict an absolute minimum SI size. However, we can provide the information of contents and size of minimum SI in LTE for reference. On the other hand, it should be noted that not all minimum SI should be transferred in PBCH. Similar as in LTE, only MIB part is carried in PBCH, while SIB1and SIB2 which are also in scope of minimum SI are transmitted on PDSCH. 
Observation 2: it should be noted that not all minimum SI should be transferred in PBCH. Similar as in LTE, only MIB part is carried in PBCH, while SIB1 and SIB2 which are also in scope of minimum SI are transmitted on PDSCH. 
Contents and size of minimum SI in LTE
Taking LTE as example [5]  (36.331 ve.00), we list what would be in PBCH, SIB1 and SIB2 kind of message to calculate the size in the table listed in Annex. The listed information is for eMBB service, without the information related to BR (BL Bandwidth reduced Low complexity) service and NB-IoT.
Parameters in MIB/PBCH
	Parameter
	Size [bits]
	Configuration
	Comment

	Downlink bandwidth 
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	3
	MIB
	DL Bandwidth



	Duration
	1
	MIB
	PHICH-structure



	Resource
	2
	MIB
	PHICH-structure



	System Frame Number
	3
	MIB
	SFN


	Spare
	5
	MIB
	

	Total
	14
	
	


Observation 3: the total size of MIB information (for eMBB service) is 14 bit.
Parameters in SIB1
	Parameter
	Size [bits]
	Configuration
	Comment

	CellAccessRelatedInfo
	180
	R8
	PLMN-IdentityInfo (s) maximum of 5 ( 25 bits per one)*

	CellSelectionInfo
	10
	R8
	

	TDD specifics


	7
	R8
	

	schedulingInfoList
	152
	R8
	

	Other Parameters

	28
	R8
	

	Extended Information 

	57
	SIB1
	

	total
	434
	
	


Observation 4: as shown in the above tables, the basic information of SIB1 for R8 includes CellAccessRelatedInfo, CellSelectionInfo, TDD specifics, schedulingInfo and ValueTag etc, which total size is about 377 assuming each list length is set by the maximum value. And the size of the extension information specified in the later version is 57.
Parameters in SIB2
	Parameter
	Size [bits]
	Configuration
	Comment

	AC Barring Info

	1723
	
	

	UL frequency Info
	24
	
	

	RadioResourceConfigCommon
	611
	
	

	UE Timers and Constants

	25
	Broadcast (SIB)
	

	timeAlignmentTimerCommon
	3
	Broadcast (SIB)
	For the list, it is assumed the maximize list length 

	mbsfn-SubframeConfigList
	288
	Broadcast (SIB)
	It is assumed size of the list is maxMBSFN-Allocations. 36*8
MBSFN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

maxMBSFN-Allocations

INTEGER ::= 8

	voiceServiceCauseIndication-r12
	1
	
	

	udt-estrictingForCommon-r13
	5
	
	

	udt-RestrictingPerPLMN-List-r13
	48
	
	It is assumed size of the list is maxPLMN-r11
6*8
UDT-RestrictingPerPLMN-List-r13 ::= 
SEQUENCE (SIZE (1..maxPLMN-r11)) OF UDT-RestrictingPerPLMN-r13

	cIoT-EPS-OptimisationInfo-r13
	18
	
	It is assumed size of the list is maxPLMN-r11
6*3

	useFullResumeID-r13
	1
	
	

	total
	2747
	
	


Observation 5: as shown in the above tables, the information of SIB2 includes ACBarringInfo, UL frequency Info, RadioResourceConfigCommon, UE Timers and Constants, timeAlignmentTimerCommon and mbsfn-SubframeConfigList etc. The total size is about 2747 bit assuming each list length is the max value. 
2.3   Possibility of on demand minimum system information
In the RAN1 LS, another question is whether the minimum SI can be delivered by on demand. During RAN2 discussion, considering the minimum system information as the information that a UE needs to know before it camped on a cell and for initiating RACH procedure,  a corresponding conclusion is achieved that Minimum SI needs to be broadcasted periodically in RAN2#95 meeting. Therefore, minimum SI cannot be delivered by on demand.
Agreements [2]
….
3: Agree on the terminology of Minimum SI (at least for purpose of the SI discussions).

4: Minimum SI needs to be broadcasted periodically.

Proposal 1: minimum SI cannot be delivered by on demand based on RAN2 agreement.
3   Conclusion
Proposal 1:RAN2 can reply RAN1 LS as following:
Firstly, it should be noted that not all minimum SI should be transferred in PBCH. Similar as in LTE, only MIB part is carried in PBCH, while SIB1 and SIB2 which are also in scope of minimum SI are transmitted on PDSCH. 
So far, contents and size of minimum system information are still under discussion in RAN2. In summary, the following is the contents of minimum SI in NR based on RAN2 current agreement, which corresponds roughly to MIB, SIB1 and SIB2 in LTE (some specific IEs might not be same, e.g. numerology related IEs and slice related IE,  which are still under discussion):
· Parameters to support initial access

· Parameters to support cell selection 
· Information of other SIs available in the cell, including the SIB type and validity information 
· Scheduling information for periodically broadcasted SI-block(s), the scheduling information for other SI should include SIB type, validity information, periodicity, SI-window information

· Configuration for requesting other SIB(s) if on demand mechanism is allowed
Nevertheless, considering the total L1 resources are still unknown and some criteria are still under discussion, it is still not clear what the content of the minimum SI is in NR in this stage of the standardization.  Hence, it is very difficult to predict an absolute minimum SI size. However, we can provide the information of contents and size of minimum SI in LTE for reference:
·  Total size of MIB information (for eMBB service) is 14 bit.
· Basic information of SIB1 for R8 includes CellAccessRelatedInfo, CellSelectionInfo, TDD specifics, schedulingInfo and ValueTag etc, which total size is about 377 assuming each list length is set by maximum value. And the size of the extension information specified in the later version is 57.
· information of SIB2 includes ACBarringInfo, UL frequency Info, RadioResourceConfigCommon, UE Timers and Constants, timeAlignmentTimerCommon and mbsfn-SubframeConfigList etc. The total size is about 2747 bit assuming each list length is the max value. 
As for another question in the RAN1 LS, is whether the minimum SI can be delivered by on demand. During RAN2 discussion, considering the minimum system information as the information that a UE needs to know before it camped on a cell and for initiating RACH procedure,  a corresponding conclusion is achieved that Minimum SI needs to be broadcasted periodically in RAN2#95 meeting. Therefore, minimum SI cannot be delivered by on demand. However, the minimum SI delivery via other cell can be performed on demand mode.
4   Reference

[1] R1-1613692
LS on minimum system information
LG
[2] RAN2#95 Chairman notes
[3] RAN2#95bis Chairman notes
[4] RAN2#96 Chairman notes
[5] TS 36.331 Ve00
5   Annex: Contents and size of minimum SI in LTE
Parameters in MIB/PBCH
	Parameter
	Size [bits]
	Configuration
	Comment

	Downlink bandwidth 
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	3
	MIB
	DL Bandwidth



	Duration
	1
	MIB
	PHICH-structure



	Resource
	2
	MIB
	PHICH-structure



	System Frame Number
	3
	MIB
	SFN


	Spare
	5
	MIB
	

	Total
	14
	
	


Hence, the total size of MIB information is 14 bits.
Parameters in SIB1
As shown in the following tables, the basic information of SIB1 for R8 includes CellAccessRelatedInfo, CellSelectionInfo, TDD specifics, schedulingInfo and ValueTag etc, which total size is about 377 assuming each list length is the max value. And the size of the extension information specified in the later version is 57.
Basic Information based on R8
CellAccessRelatedInfo
	Parameter
	Size [bits]
	Configuration
	Comment

	Plmn-IdentityList
	125
	SIB1
	PLMN-IdentityInfo (s) maximum of 5 ( 25 bits per one)*

	· plmn-Identity

	
	SIB1
	24

	· cellReservedForOperatorUse
	
	SIB1
	1

	CellIdentity
	9
	SIB1
	

	TrackingAreaCode
	16
	SIB1
	

	CellBarred
	1
	SIB1
	

	IntraFreqReselection
	1
	SIB1
	

	Csg-Indication
	1
	SIB1
	

	Csg-Identity
	27
	SIB1
	CSG-Identity ::=




BIT STRING (SIZE (27))

	total
	180
	
	


CellSelectionInfo
	Parameter
	Size [bits]
	Configuration
	Comment

	q-RxLevMin
	6
	SIB1
	

	q-RxLevMinOffset

	4
	SIB1
	

	total
	10
	
	


TDD specifics

	Parameter
	Size [bits]
	Configuration
	Comment

	DL/UL-assignment
	3
	SIB1
	Provides information about the assignment of subframes for downlink and uplink

	Special subframe patterns
	4
	SIB1
	Length of fields DwPTS, GP and  UpPTS for different scenarios

	total
	7
	
	


Other Parameters
	Parameter
	Size [bits]
	Configuration
	Comment

	P-Max
	6
	SIB1
	

	freqBandIndicator
	6
	SIB1
	FreqBandIndicator ::=




INTEGER (1..maxFBI)

maxFBI





INTEGER ::= 64


FreqBandIndicator-v9e0 ::=



INTEGER (maxFBI-Plus1..maxFBI2)

FreqBandIndicator-r11 ::=



INTEGER (1..maxFBI2)
Give FreqBandIndicator as example

	schedulingInfoList
	152
	SIB1
	As such, SIB1 includes SchedulingInfo of SIB2-SIB20, with each SIB is scheduled by separate SI message.
8*19
sibType3, sibType4, sibType5, sibType6,
sibType7, sibType8, sibType9, sibType10,
sibType11, sibType12-v920, sibType13-v920,
sibType14-v1130,3 sibType15-v1130,

sibType16-v1130, sibType17-v1250, sibType18-v1250,.., sibType19-v1250, sibType20-v1310, sibType21-v14x0

	> si-Periodicity
	
	SIB1
	3

	> sib-MappingInfo

	
	SIB1
	5

	si-WindowLength
	3
	SIB1
	

	systemInfoValueTag
	5
	SIB1
	

	total
	180
	
	


Hence, the total basic information size is about: 
180+10+7+180= 377
Extended Information 
	Parameter
	Size [bits]
	Configuration
	Comment

	multiBandInfoList
	32
	SIB1
	Give MultiBandInfoList as example
MultiBandInfoList ::=
SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicator

4*8
MultiBandInfoList-v9e0 ::=
SEQUENCE (SIZE (1..maxMultiBands)) OF MultiBandInfo-v9e0

MultiBandInfoList-v10j0 ::=
SEQUENCE (SIZE (1..maxMultiBands)) OF NS-PmaxList-r10
MultiBandInfoList-r11 ::=
SEQUENCE (SIZE (1..maxMultiBands)) OF FreqBandIndicator-r11

MultiBandInfo-v9e0 ::=

SEQUENCE {


freqBandIndicator-v9e0



FreqBandIndicator-v9e0

OPTIONAL
-- Need OP

}

maxMultiBands



INTEGER ::= 8
-- Maximum number of additional frequency bands

maxNS-Pmax-r10



INTEGER ::= 8

	ims-EmergencySupport-r9
	1
	SIB1
	

	CellSelectionInfo-v920
	8
	SIB1
	

	> q-QualMin-r9
	
	SIB1
	5

	> q-QualMinOffset-r9
	
	SIB1
	3

	CellSelectionInfo-v1130
	5
	SIB1
	

	> q-QualMinWB-r11

	
	SIB1
	5

	CellSelectionInfo-v1250
	5
	SIB1
	

	> q-QualMinRSRQ-OnAllSymbols-r12
	
	SIB1
	5

	specialSubframePatterns-v1130
	1
	SIB1
	

	subframeAssignmentSL-r12

	3
	SIB1
	

	category0Allowed-r12
	1
	SIB1
	

	freqBandIndicatorPriority-r12
	1
	SIB1
	

	total
	57
	
	


Parameters in SIB2
As shown in the following tables, the information of SIB2 includes ACBarringInfo, UL frequency Info , RadioResourceConfigCommon, UE Timers and Constants, timeAlignmentTimerCommon and mbsfn-SubframeConfigList etc.. The total size is about 2747 bit assuming each list length is the max value. 
	Parameter
	Size [bits]
	Configuration
	Comment

	AC Barring Info

	1723
	
	

	UL frequency Info
	24
	
	

	RadioResourceConfigCommon
	611
	
	

	UE Timers and Constants

	25
	Broadcast (SIB)
	

	timeAlignmentTimerCommon
	3
	Broadcast (SIB)
	For the list, it is assumed the maximize list length 

	mbsfn-SubframeConfigList
	288
	Broadcast (SIB)
	It is assumed size of the list is maxMBSFN-Allocations. 36*8
MBSFN-SubframeConfigList ::= 

SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

maxMBSFN-Allocations

INTEGER ::= 8

	voiceServiceCauseIndication-r12
	1
	
	

	udt-estrictingForCommon-r13
	5
	
	

	udt-RestrictingPerPLMN-List-r13
	48
	
	It is assumed size of the list is maxPLMN-r11
6*8
UDT-RestrictingPerPLMN-List-r13 ::= 
SEQUENCE (SIZE (1..maxPLMN-r11)) OF UDT-RestrictingPerPLMN-r13

	cIoT-EPS-OptimisationInfo-r13
	18
	
	It is assumed size of the list is maxPLMN-r11
6*3

	useFullResumeID-r13
	1
	
	

	total
	2747
	
	


AC Barring Info

	Parameter
	Size [bits]
	Configuration
	Comment

	ac-BarringForEmergency



	1
	SIB2
	

	ac-BarringForMO-Signalling
	12
	SIB2
	

	ac-BarringForMO-Data
	12
	SIB2
	

	ssac-BarringForMMTEL-Voice-r9

	12
	
	

	ssac-BarringForMMTEL-Video-r9
	12
	
	

	ac-BarringForCSFB-r10
	12
	
	

	
ac-BarringSkipForMMTELVoice-r12
	1
	
	

	ac-BarringSkipForMMTELVideo-r12
	1
	
	

	ac-BarringSkipForSMS-r12
	1
	
	

	ac-BarringPerPLMN-List-r12
	402
	
	maxPLMN-r11

INTEGER ::=
6
assuming the list length is maxPLMN-r11
67*6

	acdc-BarringForCommon-r13
	177
	
	maxACDC-Cat-r13



INTEGER ::=
16
assuming the list length of is BarringPerACDC-CategoryList-r13 is maxACDC-Cat-r13
1+11*16

	acdc-BarringPerPLMN-List-r13
	1080
	
	ACDC-BarringPerPLMN-List-r13 ::= 

SEQUENCE (SIZE (1.. maxPLMN-r11)) OF ACDC-BarringPerPLMN-r13
assuming the list length of acdc-BarringPerPLMN-List is maxPLMN-r11
180*6

	total
	
	
	


UL frequency Info
	Parameter
	Size [bits]
	Configuration
	Comment

	ul-CarrierFreq
	16
	Broadcast (MIB)
	Give ARFCN-ValueEUTRA as example
ARFCN-ValueEUTRA ::=



INTEGER (0..maxEARFCN)

ARFCN-ValueEUTRA-v9e0 ::=


INTEGER (maxEARFCN-Plus1..maxEARFCN2)

ARFCN-ValueEUTRA-r9 ::=


INTEGER (0..maxEARFCN2)

maxEARFCN




INTEGER ::= 65535
-- Maximum value of EUTRA carrier frequency

maxEARFCN-Plus1



INTEGER ::= 65536
-- Lowest value extended EARFCN range

maxEARFCN2




INTEGER ::= 262143
-- Highest value extended EARFCN range



	Uplink bandwidth
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	3
	Broadcast (SIB)
	

	additionalSpectrumEmission
	5
	
	

	total
	24
	
	


RadioResourceConfigCommon
	Parameter
	Size [bits]
	Configuration
	Comment

	RACH
	121
	Broadcast (SIB)
	

	BCCH
	3
	Broadcast (SIB)
	BCCH-Config + BCCH-Config-v1310
2+1

	PCCH
	14
	R8;R13
	5+9

	PRACH
	292
	
	

	PDSCH
	13
	
	

	PUSCH
	42
	
	32+1+9

	PUCCH
	75
	R8;R13
	23+52

	SoundingRS
	10
	
	

	Ul uplink Power Control
	40
	R8;R10;R13
	29+5+6

	UL CP
	1
	
	

	Total
	611
	
	


Sub-IEs
RACH Info
	Parameter
	Size [bits]
	Configuration
	Comment

	preambleInfo

	13
	R8
	

	powerRampingParameters

	6
	R8
	

	ra-SupervisionInfo
	10
	R8
	

	maxHARQ-Msg3Tx

	3
	R8
	

	preambleTransMax-CE-r13
	4
	R13
	

	rach-CE-LevelInfoList-r13
	76
	R13
	Assuming the list length is maxCE-Level-r13: 4*19
RACH-CE-LevelInfoList-r13 ::=
SEQUENCE (SIZE (1..maxCE-Level-r13)) OF RACH-CE-LevelInfo-r13
maxCE-Level-r13



INTEGER ::=
4

	txFailParams-r12
	9
	R12
	

	total
	121
	
	


PRACH 

	Parameter
	Size [bits]
	Configuration
	Comment

	Root-sequence-index
	10
	R8
	

	PRACH time-domain configuration
	4  
	R8
	prach-ConfigInfo

	PRACH frequency-domain configuration
	7
	R8
	prach-ConfigInfo

	Zero-correlation-zone length
	4
	R8
	prach-ConfigInfo

	High-speed flag
	1
	R8
	prach-ConfigInfo

	RSRP-ThresholdsPrachInfoList-r13
	21
	Broadcast (SIB)
	Assuming the list length is 3: 3*7

	mpdcch-startSF-CSS-RA-r13
	6
	
	

	prach-HoppingOffset-r13
	7
	
	

	prach-ParametersListCE-r13
	232
	
	4*58

	total
	292
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