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1. Introduction
During E-mail discussion [101bis#13][NR] Text Proposal on the ASN.1 for SIB content, the TP on ASN.1 for SIB content has been updated based on the agreements from RAN2#101bis. 
In this paper, we calculate the required signaling overhead for the current SIB1 and propose possible ways to reduce its size.
2. Discussion
As mentioned in [1], the ASN.1 for SIB1 content is as follows:
SIB1 ::=		SEQUENCE {

	offsetToPointA						OffsetToPointA				OPTIONAL, 		-- Need N
	p-Max								P-Max						OPTIONAL,		-- Need N
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinSUL						Q-RxLevMin			OPTIONAL, 		-- Need N
		q-QualMin							Q-QualMin			OPTIONAL		-- Need N
	}																				OPTIONAL,
	cellAccessRelatedInfo				CellAccessRelatedInfo,
	si-SchedulingInfo					SI-SchedulingInfo							OPTIONAL,
	servingCellConfigCommon				ServingCellConfigCommonSIB					OPTIONAL,
	ims-EmergencySupport					ENUMERATED {true}							OPTIONAL,
	eCallOverIMS-Support					ENUMERATED {true}							OPTIONAL,
	ue-TimersAndConstants				UE-TimersAndConstants						OPTIONAL,

	lateNonCriticalExtension			OCTET STRING															OPTIONAL,
	nonCriticalExtension				SEQUENCE{}																OPTIONAL 
}
Based on the ASN.1 for SIB1, we calculate the maximum signaling overhead for SIB1 based on the above structure and find the size of SIB1 is about 6452 bits for the worst case – see Table 1 for further details. It should be noted that these numbers do not include the UAC or slice specific UAC parameters which will be in addition to these calculated numbers. 
Observation 1: Based on the current structure, the size of SIB1 can be up to 6452 bits, which is far beyond the capacity of SIB1 (i.e. 3000 bits – [2]) suggested by RAN1.
In addition to the maximum value noted above, in the rest of the paper, we consider some possible typical values considering other deployment scenarios and calculate the signaling overhead of SIB1. In addition, we also propose some possible optimisations to reduce the size of some of the layer 1 relate IEs in SIB1. 
-cellAccessRelatedInfo:
CellAccessRelatedInfo	::=			SEQUENCE {
	plmn-IdentityList					PLMN-IdentityInfoList,
	ranac								RANNotificationAreaCode						OPTIONAL,
	reservedForFutureUse            		ENUMERATED {true}  OPTIONAL, 
	...
}
RANNotificationAreaCode ::=				BIT STRING (SIZE (6))

PLMN-IdentityInfoList ::=				SEQUENCE (SIZE (1..maxPLMNInfo)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=					SEQUENCE {
	plmn-IdentityList							SEQUENCE (SIZE (1..maxPLMN)) OF PLMN-Identity,
	trackingAreaCode							TrackingAreaCode,  
	cellIdentity								CellIdentity,
	systemInformationAreaID		 				BIT STRING (SIZE (24)) 					OPTIONAL,
	cellReservedForOperatorUse 					ENUMERATED {reserved, notReserved}, 
	...
}
The maximum number of bits required for PLMN-IdentityInfoList:4+12*(7+6+24+25+36+1)=4+12*99=1192 bits
Thus, maximum signaling overhead required for cellAccessRelatedInfo: 1192+1+6+1+1=1201 bits.
Considering that multiple PLMNs may share the same cell identity and TAC value. With the assumption that 3 PLMNs share the same group of TAC and Cell identity, the required signaling overhead for PLMN-IdentityInfoList can be reduced to: 2+4*(7+6+24+25+36+1)=2+4*99=398 bits. The required signaling overhead for cellAccessRelatedInfo can be reduced to 407 bits in a more typical case. In this scenario, a total of 794 bits can be saved.
-si-SchedulingInfo
SI-SchedulingInfo ::=					SEQUENCE {
	schedulingInfoList 			SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,
	si-WindowLength				ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
	si-Request-Config			SI-Request-Config OPTIONAL,  -- Cond MSG-1
	systemInformationAreaID		BIT STRING (SIZE (24)) 					OPTIONAL,
-- First entry is SIB2
	sibValueTagList				SEQUENCE (SIZE (1..maxSIB-1)) OF SIBValueTag,
	systemInfoAreaScope			SystemInfoAreaScope OPTIONAL,-- Cond AREA-ID 
	...	
}

SchedulingInfo ::=	SEQUENCE {
	si-BroadcastStatus					ENUMERATED {broadcast, onDemand},
	si-Periodicity						ENUMERATED {
											rf8, rf16, rf32, rf64, rf128, rf256, rf512},
	sib-MappingInfo						SIB-Mapping
}

SIB-Mapping ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=						ENUMERATED {
										sibType2, sibType3, sibType4, sibType5, 
										sibType6, sibType7, sibType8, sibType9, 
										spare8, spare7, spare6, spare5, 
										spare4, spare3, spare2, spare1,
										... }

-- Value TAG per SIB.
SIBValueTag ::=		INTEGER (0..31)
The maximum signaling overhead required for schedulingInfoList: 5+32*(1+3+4)= 261 bits.
The maximum signaling overhead required for sibValueTagList: 31*5=155 bits.
Thus, maximum signaling overhead required for si-SchedulingInfo: 261+3+1+5+1+24+155=450 bits.
Usually only 10 SI will be used in network implementation, the required signaling overhead for schedulingInfoList can be reduced to: 5+10*(1+3+4)=85 bits. Similarly, the required signaling overhead for sibValueTagList can be reduced to: 10*5=50 bits.
The required signaling overhead for si-SchedulingInfo can then be reduced to:85+3+1+5+1+24+50=169 bits. 281 bits can be saved in a more typical case.
-ServingCellConfigCommonSIB
ServingCellConfigCommonSIB ::=			SEQUENCE {

	dlConfigCommon						DownlinkConfigCommonSIB,
	uplinkConfigCommon					UplinkConfigCommonSIB				OPTIONAL,
	supplementaryUplink					UplinkConfigCommonSIB				OPTIONAL 

	ssb-PositionsInBurst				CHOICE {
		shortBitmap							BIT STRING (SIZE (4)),
		mediumBitmap						BIT STRING (SIZE (8)),
		longBitmap							BIT STRING (SIZE (64))
	},
	ssb-PeriodicityServingCell			ENUMERATED {ms5, ms10, ms20, ms40, ms80, ms160, spare1, spare2},
	dmrs-TypeA-Position					ENUMERATED {pos2, pos3},
	lte-CRS-ToMatchAround				RateMatchPatternLTE-CRS 				OPTIONAL,	-- Need M
	rateMatchPatternList				SEQUENCE (SIZE (1..maxNrofRateMatchPatterns)) OF RateMatchPattern		OPTIONAL, -- Need N
	tdd-UL-DL-Configuration				TDD-UL-DL-ConfigCommon				OPTIONAL, -- Cond TDD
	tdd-UL-DL-configurationCommon2		TDD-UL-DL-ConfigCommon				OPTIONAL, -- Cond TDD
	ss-PBCH-BlockPower					INTEGER (-60..50),
	timeAlignmentTimerCommon			TimeAlignmentTimer,
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,
	... 
}
For ServingCellConfigCommonSIB, the maximum signaling overhead for each information elements can be listed as follows:
dlConfigCommon: 1560bits
uplinkConfigCommon: 614 bits
supplementaryUplink: 614 bits
ssb-PositionsInBurst: 2+64= 66 bits
ssb-PeriodicityServingCell: 3bits
dmrs-TypeA-Position: 1 bit
lte-CRS-ToMatchAround: 1+14+3+332+2+3=355 bits
rateMatchPatternList: 1+2+4*(2+1+1+(275+1+28+3+40)+1+3+1)=1427 bits
tdd-UL-DL-Configuration: 1+46=47 bits
tdd-UL-DL-configurationCommon2: 1+46=47 bits
ss-PBCH-BlockPower: 7 bits
timeAlignmentTimerCommon: 3 bits
ServingCellConfigCommonSIB:1560+614*2+66+3+1+355+1427+47*2+7+3=4744bits  
Among all those information elements, the content of dlConfigCommon, uplinkConfigCommon, supplementaryUplink and rateMatchPatternList can be further optimized and the required signaling overhead can be reduced.
-rateMatchPatternList
For initial access, we suggest to provide only one RateMatchPattern in SIB1 to reduce the signaling overhead. With such optimization, the required signaling overhead for the rateMatchPatternList can be reduced from 1+2+4*(2+1+1+(275+1+28+3+40)+1+3+1)=1427 bits to 1+(2+1+1+(275+1+28+3+40)+1+3+1)=356 bits. 1071 bits can be saved. More input from RAN1 is required about the possible optimization for the signaling of RateMatchPattern in SIB1.
Proposal 1: Only one RateMatchPattern in SIB is configured for initial access. Can be checked with RAN1. 
-DownlinkConfigCommonSIB
The content of dlConfigCommon is shown below.  
DownlinkConfigCommonSIB ::=		SEQUENCE {
	frequencyInfoDLSIB					FrequencyInfoDLSIB,
	pdcch-ConfigCommon					PDCCH-ConfigCommon								OPTIONAL,
    pdsch-ConfigCommon					PDSCH-ConfigCommon								OPTIONAL,
	bcch-Config 						BCCH-Config,
	pcch-Config 						PCCH-Config,
	...
}

PDSCH-ConfigCommon ::=					SEQUENCE {

	-- List of time-domain configurations for timing of DL assignment to DL data 
	pdsch-AllocationList			SEQUENCE (SIZE(1..maxNrofDL-Allocations)) OF PDSCH-TimeDomainResourceAllocation			OPTIONAL,	-- Need R

	...
}
For the pdsch-AllocationList included in PDSCH-ConfigCommon, we also suggest to provide only one set of PDSCH-TimeDomainResourceAllocation for initial access in SIB1 rather than 4 sets of PDSCH-TimeDomainResourceAllocation to save more bits in SIB1. More input from RAN1 is also required to confirm the possible optimization for the signaling of PDSCH-TimeDomainResourceAllocation in SIB1.
Proposal 2: Only one set of PDSCH-TimeDomainResourceAllocation is configured in SIB for initial access. Can be checked with RAN1.

With such optimization, the required signaling overhead for pdsch-AllocationList can be reduced from 1+4+16*(1+2+1+7)=181 bits to 1+1+2+1+7=12 bits. 169 bits can be saved.

[bookmark: _Hlk506396559]PDCCH-ConfigCommon ::=					SEQUENCE {
	-- A list of common control resource sets. Only CORESETs with ControlResourceSetId = 0 or 1 are allowed. The CORESET#0 
	-- corresponds to the CORESET configured in MIB (see pdcch-ConfigSIB1) and is used to provide that information to the UE
	-- by dedicated signalling during handover and (P)SCell addition. The CORESET#1 may be configured an used for RAR 
	-- (see ra-ControlResourceSet).
	commonControlResourcesSets					SEQUENCE (SIZE(1..2)) OF ControlResourceSet							OPTIONAL, 	-- Need R
	-- A list of additional common search spaces.
	commonSearchSpaces							SEQUENCE (SIZE(1..4)) OF SearchSpace								OPTIONAL,	-- Need R
	searchSpaceSIB1								SearchSpaceId														OPTIONAL,	-- Need R
	searchSpaceOtherSystemInformation			SearchSpaceId														OPTIONAL,	-- Need R
	pagingSearchSpace							SearchSpaceId														OPTIONAL, 	-- Need R
	ra-ControlResourceSet					ControlResourceSetId																OPTIONAL, 	-- Need S
	ra-SearchSpace							SearchSpaceId																	OPTIONAL, 	-- Need R
	...
}
A common ControlResourceSet (CORESET) and a common search space for SIB1 is determined in pdcch-ConfigSIB1 in MIB. Only one commonControlResourceSet needs to be configured for PRACH. Thus, only one commonControlResourcesSet is required in SIB1. The signaling overhead for commonControlResourcesSets can be reduced from 1+1+2*476=954 bits to 1+476=477 bits. 477 bits can be saved in SIB1.
Similarly, the searchSpace for SIB1 is determined in MIB. Only the searchSpace for OSI/PRACH/paging is provided in SIB1. The signaling overhead for commonSearchSpaces can be reduced from 1+2+4*(6+5+9+15+16+19)=283 bits to 1+2+3*(6+5+9+15+16+19)=213 bits. 70 bits can be saved.
Proposal 3: Only common control resource set for RAR is provided in SIB1.
Proposal 4: Only search space for OSI/PRACH/paging is provided in SIB1.
PDCCH-ConfigCommon ::=					SEQUENCE {
	-- A list of common control resource sets. Only CORESETs with ControlResourceSetId = 0 or 1 are allowed. The CORESET#0 
	-- corresponds to the CORESET configured in MIB (see pdcch-ConfigSIB1) and is used to provide that information to the UE
	-- by dedicated signalling during handover and (P)SCell addition. The CORESET#1 may be configured an used for RAR 
	-- (see ra-ControlResourceSet).
	-- For initial access, only the CORESET#1 used for RAR is provided in SIB1.
	commonControlResourcesSets					SEQUENCE (SIZE(1..2)) OF ControlResourceSet							OPTIONAL, 	-- Need R
	-- A list of additional common search spaces.
	-- For initial access, only the search space for OSI/PRACH/paging is provided in SIB1. The maximum number of search spaces provided in SIB1 is 3.
	commonSearchSpaces							SEQUENCE (SIZE(1..4)) OF SearchSpace								OPTIONAL,	-- Need R
	searchSpaceSIB1								SearchSpaceId														OPTIONAL,	-- Need R
	searchSpaceOtherSystemInformation			SearchSpaceId														OPTIONAL,	-- Need R
	pagingSearchSpace							SearchSpaceId														OPTIONAL, 	-- Need R
	ra-ControlResourceSet					ControlResourceSetId																OPTIONAL, 	-- Need S
	ra-SearchSpace							SearchSpaceId																	OPTIONAL, 	-- Need R
	...
}
-UplinkConfigCommonSIB
RACH-ConfigCommon ::= 				SEQUENCE {
	rach-ConfigGeneric			RACH-ConfigGeneric,

	totalNumberOfRA-Preambles			INTEGER (1..63)																		OPTIONAL,	-- Need S
	ssb-perRACH-OccasionAndCB-PreamblesPerSSB	CHOICE { 
		oneEighth								ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
		oneFourth								ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
		oneHalf									ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
		one										ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64}, 
		two										ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32}, 
		four									INTEGER (1..16), 
		eight									INTEGER (1..8), 
		sixteen									INTEGER (1..4)
	}																														OPTIONAL,	-- Need M

	groupBconfigured 					SEQUENCE {
		ra-Msg3SizeGroupA					ENUMERATED {b56, b144, b208, b256, b282, b480, b640, b800, b1000, spare7, spare6, spare5,
											spare4, spare3, spare2, spare1},
		messagePowerOffsetGroupB			ENUMERATED { minusinfinity, dB0, dB5, dB8, dB10, dB12, dB15, dB18},
		numberOfRA-PreamblesGroupA			INTEGER (1..64)
	}																														OPTIONAL,	-- Need R

	ra-ContentionResolutionTimer			ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},
	rsrp-ThresholdSSB						RSRP-Range																		OPTIONAL,	-- Need R
	rsrp-ThresholdSSB-SUL					RSRP-Range																		OPTIONAL,	-- Need R
	prach-RootSequenceIndex					CHOICE {
		l839									INTEGER (0..837),
		l139									INTEGER (0..137)
	},
	msg1-SubcarrierSpacing					SubcarrierSpacing,
	restrictedSetConfig						ENUMERATED {unrestrictedSet, restrictedSetTypeA, restrictedSetTypeB},
	msg3-transformPrecoding					ENUMERATED {enabled}															OPTIONAL,	-- Need R
	...
}
For the RACH-ConfigCommon included in UplinkConfigCommonSIB, it is possible to have some optimization to msg1-SubcarrierSpacing. According to RAN1’s agreement, only the values 15 or 30 kHz (<6GHz), 60 or 120 kHz (>6GHz) are applicable for the SubcarrierSpacing of PRACH. Also, RAN1 has agreed to use 1 bit to indicate the prach-Msg1 SubcarrierSpacing.
Thus, we have the following proposal:
Proposal 5: Use the following ASN.1 structure for the msg1-SubcarrierSpacing in SIB1. 
msg1-SubcarrierSpacing ::= ENUMERATED {SCS15or60, SCS30or120}
In addition, as agreed in RAN1, the parameter restriction set is only valid in the case of long preamble sequence and the parameter SCS of Msg1 is only valid in the case of short preamble sequence. The two parameters cannot be valid at the same time. This means that there is redundancy between the indication of parameter Restriction set and parameter SCS of Msg1.Thus, 2 bits can be shared by restrictedSetConfig and msg1-SubcarrierSpacing.
Based on the above analysis, some input from RAN1 is required to reduce the signaling overhead of SIB1. Thus, we have the following proposal:
Proposal 6:One LS should be sent to RAN1 to ask whether it is possible to reduce the size of RAN1 related parameters, and the following parameters can be considered:
(1) RateMatchPattern, e.g. only one RateMatchPattern is signaled in RMSI for initial access;
(2) PDSCH-TimeDomainResourceAllocation, e.g. only one set of PDSCH-TimeDomainResourceAllocation is signaled in RMSI for initial access;
(3) msg1-SubcarrierSpacing and restrictedSetConfig, e.g. only one parameter between the parameter of restriction set and parameter of SCS of Msg1 is preferred to save overhead in RMSI.  
With the above optimization, the required signaling overhead for RACH-ConfigCommon can be reduced from 39+7+8+17+3+8+8+11+3+2+2=108 bits to 39+7+8+17+3+8+8+11+2+2= 105bits. 3 bits can be saved. Additional 3 bits can also be saved for the RACH-ConfigCommon for supplementary Uplink.
With all the above optimizations for ServingCellConfigCommonSIB, 1071+169+477+70+3+3=1793 bits can be saved.

Table 1. Comparison of the maximum signaling overhead and the required signaling overhead with possible optimization
	IE
	Maximum Signaling overhead (bits)
	Required signaling overhead with optimization

	offsetToPointA
	12
	12

	p-Max
	6
	6

	cellSelectionInfo
	19
	19

	cellAccessRelatedInfo
	1201
	407 (save 794 bits)

	si-SchedulingInfo
	450
	169 (save 281 bits)

	servingCellConfigCommon
	4744
	2951 (save 1793 bits)

	ims-EmergencySupport
	1
	1

	eCallOverIMS-Support
	1
	1

	ue-TimersAndConstants
	18
	18

	Total
	6452
	3854 (save 2868 bits)



In Table 1, we compare the maximum signaling overhead and the required signaling overhead with optimizations mentioned in this paper along with consideration of some typical scenarios for other IEs. It can be seen that around 2868 bits can be saved with those considerations. In our calculation, even with the optimization proposed above, the required signaling overhead for SIB1 goes beyond 3000 bits (i.e. the maximum bits can included in one single SIB as recommended by RAN1). As it is up to RAN1 to discuss and confirm some possible optimization for RateMatchPattern, PDSCH-TimeDomainResourceAllocation, msg1-SubcarrierSpacing and restrictedSetConfig, we should first wait for more input from RAN1. However, considering that we also need to add further parameters (e.g. for slice specific UAC etc), based on the above analysis, it seems it is necessary to split the SIB1 into two SIBs.
Proposal 7: Based on the feedback of RAN1, if the size of SIB1 is still larger than 3000 (the number suggested by RAN1) bits, then RAN2 should split the SIB1 into two SIBs.
3. Conclusion and proposals
With the above analysis, we have the following observations and proposals:
Observation 1:Based on the current structure, for the worst case, the size of SIB1 is about 6452 bits, which is far beyond the capacity of SIB1 suggested by RAN1.
Proposal 1: Only one RateMatchPattern in SIB is configured for initial access. Can be checked with RAN1. 
Proposal 2: Only one set of PDSCH-TimeDomainResourceAllocation is configured in SIB for initial access. Can be checked with RAN1.
Proposal 3: Only common control resource set for RAR is provided in SIB1.
Proposal 4: Only search space for OSI/PRACH/paging is provided in SIB1.
Proposal 5: Use the following ASN.1 structure for the msg1-SubcarrierSpacing in SIB1. 
msg1-SubcarrierSpacing ::= ENUMERATED {SCS15or60, SCS30or120}
Proposal 6:One LS should be sent to RAN1 to ask whether it is possible to reduce the size of RAN1 related parameters, and the following parameters can be considered:
(1) RateMatchPattern, e.g. only one RateMatchPattern is signaled in RMSI for initial access;
(2) PDSCH-TimeDomainResourceAllocation, e.g. only one set of PDSCH-TimeDomainResourceAllocation is signaled in RMSI for initial access;
(3) msg1-SubcarrierSpacing and restrictedSetConfig, e.g. only one parameter between the parameter of restriction set and parameter of SCS of Msg1 is preferred to save overhead in RMSI.  
Proposal 7: Based on the feedback of RAN1, if the size of SIB1 is still larger than 3000 (the number suggested by RAN1) bits, then RAN2 should split the SIB1 into two SIBs.
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