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Introduction
Before completing the design of SIB structure for minimum system information for NR, it is important to evaluate whether the size of the minimum system information is small enough to be transmitted in all realistic deployments. Both the maximum size of system information that can be transmitted and the size of system information that needs to be transmitted are likely to vary significantly due to factors such as beam sweeping, network sharing, access barring etc.
In this contribution, we analyze the expected size of the minimum system information. 
[bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]Even though the contents of the minimum system information have not been fully decided, there is a general consensus (see e.g. [1] – [4] and the RAN2 agreements referenced in those contributions) that the minimum information should be based on the contents of LTE SIB1 and SIB2, as well as a few selected NR specific information elements (such as RNA ID). 
In order to make a rough estimate of the size of the minimum system information, we have calculated the size including most (if not all) of the IEs currently proposed to be included. The detailed calculation is provided in Section 5, but some of the main assumptions are
· The minimum system information will include most of the information currently included in RRC ServingCellConfigCommon
· Network sharing of up to 6 PLMNs will need to be supported
· Value tags are provided per SIB
· Access barring information is provided
· There are three SI messages and 8 SIBs, SI1 = SIB2,3,4,5 (NR and LTE reselection), SI2 = SIB6,7,8 (ETWS, CMAS), SI3 = 16 (GPS and UTC).
Our estimate for the size of the minimum system information is roughly between 400 and 1300 bits. Note that even though this estimate is unlikely to be extremely accurate, we do feel it represents the order of magnitude for remaining minimum system information reasonably well. The IEs with largest number of bits are
· Serving cell config common: between 400 and 1100 bits
· PLMN information for network sharing: ~150 bits
· Access barring: ~100 bits (note that we have not assumed PLMN specific ACB parematers)
· SI scheduling info: ~50 bits
· Value tags: ~50 bits
In our opinion, even 400 bits is a relatively large size for information that may need to be beam swept at least in some deployments. It would be possible to reduce the size by moving some of the information, such as some of the PLMN information in network sharing situations (proposed in [5]) or access barring information (proposed in [3]) to other system information. Such optimizations would increase the system access time, and would contradict the RAN2 desire to have all information needed to access the cell in the minimum system information, but might be justified in some deployments.
However, since the L1 configuration is by far the largest contributor to the SIB1 size, we would prefer to check with RAN1 if the expected minimum system information size is an issue and if yes, whether they could consider slightly less flexibility in L1 parameter configuration.
1. [bookmark: _Toc502868461][bookmark: _Toc502868300][bookmark: _Toc502866313][bookmark: _Toc502866291][bookmark: _Toc502907951][bookmark: _Toc502908189][bookmark: _Toc502931345]Check with RAN1 whether remaining minimum system information size of roughly 1000 bits can be supported in all deployments.
A draft LS to RAN1 is provided in [6].
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Check with RAN1 whether remaining minimum system information size of roughly 1000 bits can be supported in all deployments.
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Estimated IE sizes
Note: in case there are sub-fields (such as the IEs of a SEQUENCE), they are listed with 2 space indentation, and the overall size is marked in bold. 
	Estimated total size: 426-1364 bits
	
	
	
	

	IE
	IE size
	L1 IE size
	L2 IE size
	Comment

	ServingCellConfigCommon
	178-1110
	
	
	

	
	physCellId							OPTIONAL
	
	-
	-
	Encoded in MIB in physical layer, not explicitly needed in SIB

	
	frequencyInfoDL		FrequencyInfoDL				OPTIONAL
	
	4-81
	
	

	
	 
	FrequencyInfoDL ::=  SEQUENCE {
	ssb-subcarrier-offset	INTEGER (1..11)		OPTIONAL,
	offsetToPointA		INTEGER (0..2199)	OPTIONAL,
	scs-SpecificCarriers	SEQUENCE (SIZE (1..ffsValue)) OF                                                 
                                  SCS-SpecificVirtualCarrier		OPTIONAL,
	...
} 
	
	
	4-81
  1-5
  1-13
  1-62

  1
	


Assuming at most 2 scs-specific carriers

	
	
	SCS-SpecificVirtualCarrier ::=			SEQUENCE {
	offsetToVirtualCarrier	INTEGER (0..2199)	OPTIONAL,
	subcarrierSpacing	SubcarrierSpacing	OPTIONAL,
	k0			FFS_Value		OPTIONAL, 
	carrierBandwidth		INTEGER                                          
                                 (1..maxNrofPhysicalResourceBlocks)           	OPTIONAL,
	...
}
	
	
	5-31
  1-13
  1-3
  1-4?

  1-10
  1
	

SubcarrierSpacing ::=  ENUM {kHz15, kHz30, kHz60, kHz120}
Assuming 3 bits for k0

maxNrofPhysicalResourceBlocks	INTEGER ::= 275

	
	initialDownlinkBandwidthPart		DownlinkBandwidthPart		OPTIONAL,
	
	7-110
	
	

	
	
	DownlinkBandwidthPart ::=  SEQUENCE {
	genericParameters	BandwidthPart,
	pdcch-ConfigCommon	PDCCH-ConfigCommon	OPTIONAL
}
	
	
	7-110
  5-24
  2-86
	

	
	
	BandwidthPart ::= 	SEQUENCE {
	bandwidthPartId		BandwidthPartId,
	locationAndBandwidth	INTEGER (1..65536)	                OPTIONAL,
	subcarrierSpacing	ENUMERATED {n0, n1, n2, n3, n4} 	OPTIONAL,
	cyclicPrefix		ENUMERATED { extended }	OPTIONAL
}
	

	
	5-24
  2 
  1-17
  1-4
  1
	
BandwidthPartId	::= INTEGER (0..maxNrofBandwidthParts-1)
maxNrofBandwidthParts	INTEGER ::= 4

	
	
	PDCCH-ConfigCommon ::= SEQUENCE {
	searchSpaceOtherSystemInformation	FFS_Value	OPTIONAL,
	pagingSearchSpace			FFS_Value	OPTIONAL
}
	
	
	2-86
  1-43
  1-43
	Assuming standard search space configuration, which is roughly 23-42 bits + common search space specific parameters.



	
	
	SearchSpace ::= 	SEQUENCE {
	searchSpaceId		SearchSpaceId,
	controlResourceSetId	ControlResourceSetId,
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1		NULL, 
		sl2		INTEGER (0..1), 
		sl5		INTEGER (0..4),
		sl10		INTEGER (0..9),
		sl20		INTEGER (0..19)
	}	OPTIONAL,
	monitoringSymbolsWithinSlot	BIT STRING (SIZE (14))	OPTIONAL,
	nrofCandidates	SEQUENCE {
	  al1  ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
	  al2 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
	  al4 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
	  al8 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
	  al16 ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
	},
	searchSpaceType	  CHOICE {
		common SEQUENCE { },
		ue-Specific SEQUENCE {}
	} OPTIONAL -- Need M
}
	

	
	23-42
  3
  3
  1-5






1-15
15






1-?

	
Assuming 8 search spaces
Assuming 8 control resources

	
	uplinkConfigCommon			UplinkConfigCommon
	
	132-382

	
	

	
	
	UplinkConfigCommon ::=	SEQUENCE {
	frequencyInfoUL			FrequencyInfoUL		OPTIONAL, 
	initialUplinkBandwidthPart	UplinkBandwidthPart	OPTIONAL
}
	
	
	132-382
  7-109
  125-273

	

	
	
	FrequencyInfoUL ::= SEQUENCE {
	absoluteFrequencyUL	ARFCN-ValueNR			OPTIONAL,
	offsetToPointA		INTEGER (0..2199)		OPTIONAL,
	scs-SpecificCarriers	SEQUENCE (SIZE (1..ffsValue)) OF 
                                                                        SCS-SpecificVirtualCarrier	OPTIONAL,
	aSE			AdditionalSpectrumEmission	OPTIONAL,
	p-Max			P-Max				OPTIONAL,
	frequencyShift7p5khz	ENUMERATED {true}		OPTIONAL,
	...
}
	
	
	7-109
  1-19
  1-13
  1-62
  
  1-6
  1-7
  1
  1
	
ARFCN for NR not known, assuming 262143 (extended LTE)

Assuming 2 subcarrier spacings (see downlink for values)

From LTE: AdditionalSpectrumEmission ::=	INTEGER (1..32)
From LTE: P-Max ::=			INTEGER (-30..33)



	
	
	UplinkBandwidthPart ::= 	SEQUENCE {
	genericParameters	BandwidthPart,
	directCurrentLocation	INTEGER (0..3299)		OPTIONAL, 
	rach-ConfigCommon	RACH-ConfigCommon,
	pusch-ConfigCommon	PUSCH-ConfigCommon,
	pusch-Config		PUSCH-Config,
	pucch-ConfigCommon	PUCCH-ConfigCommon,
	pucch-Config		PUCCH-Config
}
	
	
	125-273
  5-24
  1-13
  111-174
  4-15
  -
  4-47
  -
	Note that the current structure may not have correct optionality



Not needed for SIB1

Not needed for SIB1

	
	
	RACH-ConfigCommon ::= 	SEQUENCE {
  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}
	} OPTIONAL,

  cbra-SSB-ResourceList		CBRA-SSB-ResourceList,
  ra-ContentionResolutionTimer	ENUM{sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},
  ssb-Threshold			RSRP-Range			OPTIONAL,
  sul-RSRP-Threshold		RSRP-Range			OPTIONAL,
  prach-ConfigurationIndex	INTEGER (0..255)			OPTIONAL,
  prach-RootSequenceIndex	CHOICE {
		l839	INTEGER (0..837),
		l139	INTEGER (0..137)	}			OPTIONAL,
  zeroCorrelationZoneConfig	INTEGER(0..15),
  msg1-SubcarrierSpacing		SubcarrierSpacing		OPTIONAL,
  msg1-FDM			BIT STRING (SIZE (2)),
  msg1-FrequencyStart		INTEGER (0..maxNrofPhysicalResourceBlocks-1)	OPTIONAL,
  restrictedSetConfig	ENUMERATED {unrestricted, restrictedToTypeA,                    
                                                                                           restrictedToTypeB},
  preambleReceivedTargetPower	ENUMERATED {				
    dBm-120, dBm-118, dBm-116, dBm-114, dBm-112, dBm-110, dBm-108, dBm-106, 
    dBm-104, dBm-102, dBm-100, dBm-98, dBm-96, dBm-94,dBm-92, dBm-90, 
    dBm-88, dBm-86, dBm-84,dBm-82, dBm-80, dBm-78, dBm-76, dBm-74, dBm-72,
    dBm-70, dBm-68, dBm-66, dBm-64, dBm-62, dBm-60, dBm-58, dBm-56, dBm-54, 
    dBm-52, dBm-50, dBm-48, dBm-46, dBm-44, dBm-42, dBm-40, dBm-38, dBm-36, 
    dBm-34, dBm-32, dBm-30, dBm-28, dBm-26, dBm-24, dBm-22, dBm-20, dBm-18, 
    dBm-16, dBm-14, dBm-12, dBm-10, dBm-8, dBm-6, dBm-4, dBm-2, dBm-0, dBm2, 
    dBm4, dBm6 }			OPTIONAL,
  powerRampingStep	ENUMERATED {dB0, dB2, dB4, dB6}	OPTIONAL, 
  preambleTransMax 	ENUMERATED {n3, n4, n5, n6, n7,	n8, n10, n20, n50, n100, n200},
  cb-preamblesPerSSB	FFS_Value				OPTIONAL,
  ssb-perRACH-Occasion	FFS_Value				OPTIONAL,
  ra-ResponseWindow	ENUMERATED {ffsTypeAndValue},	
  msg2-SubcarrierSpacing		SubcarrierSpacing,
  ra-ControlResourceSet		ControlResourceSetId		OPTIONAL,
  ra-SearchSpace			SearchSpace			OPTIONAL,
  msg3-SubcarrierSpacing		SubcarrierSpacing,
  msg3-transformPrecoding	ENUMERATED {true}		OPTIONAL 
}
	
	
	86-149
  1-8






  -
  3
  7
  7
  8
  10-12


  4
  1-3
  2
  1-10

  2

  1-7








  1-3
  4

  1-8
  1-7
  3
  2
  3
  23-42
  2
  1

	







This has been replaced by new RAN1 signalling

From LTE: RSRP-Range ::=	INTEGER(0..97)






SubcarrierSpacing ::=  ENUM {kHz15, kHz30, kHz60, kHz120}

maxNrofPhysicalResourceBlocks	INTEGER ::= 275















Assuming 128 preambles per beam
Assuming 64 beams 
From LTE: ENUMERATED {	sf2, sf3, sf4, sf5, sf6, sf7, sf8, sf10},

Assuming 8 control set resources
Assuming 8 search spaces and 8 control resources (see DL)

	
	
	PUSCH-ConfigCommon ::=  SEQUENCE {
	groupHoppingEnabledTP	ENUMERATED {enabled}		OPTIONAL,
	msg3-DeltaPreamble	FFS_Value			OPTIONAL,
	p0-NominalWithGrant	INTEGER (-202..24)		OPTIONAL,
	...
}
	
	
	4-15
  1
  1-4
  1-9
  1
	

From LTE: deltaPreambleMsg3	INTEGER (-1..6)

	
	
	PUCCH-ConfigCommon ::= SEQUENCE {
	pucch-ResourceCommon	BIT STRING (SIZE (4))		OPTIONAL,
	pucch-Format0-BaseSequenceHopping	ENUM{true}	OPTIONAL,
	pucch-Format1-BaseSequenceHopping	ENUM{true}	OPTIONAL,
	sequenceHoppingId	BIT STRING (SIZE (10))		OPTIONAL,
	p0-nominal		INTEGER (-202..24)		OPTIONAL,
	deltaF-pucch-f0		FFS_Value			OPTIONAL,
	deltaF-pucch-f1		FFS_Value			OPTIONAL,
	deltaF-pucch-f2		FFS_Value			OPTIONAL,
	deltaF-pucch-f3		FFS_Value			OPTIONAL,
	deltaF-pucch-f4		FFS_Value			OPTIONAL
}
	
	
	10-47
  1-5
  1
  1
  1-11
  1-9
  1-4
  1-4
  1-4
  1-4
  1-4
	





Assuming 8 values for all deltaFs

	
	supplementaryUplink		SEQUENCE {
	uplinkConfigCommon		UplinkConfigCommon		OPTIONAL
}								OPTIONAL, -- Cond SUL
	
	1-383

	
	

	
	subcarrierSpacingCommon	SubcarrierSpacing,
ssb-PositionsInBurst		CHOICE {
		shortBitmap			BIT STRING (SIZE (4)),
		mediumBitmap			BIT STRING (SIZE (8)),
		longBitmap			BIT STRING (SIZE (64))
}	OPTIONAL, 
ssb-periodicityServingCell		ENUM { ms5, ms10, ms20, ms40, ms80, ms160 }	OPTIONAL,
dmrs-TypeA-Position		ENUMERATED {pos2, pos3},
subcarrierSpacingSSB		SubcarrierSpacingSSB				OPTIONAL, 
tdd-UL-DL-configurationCommon	TDD-UL-DL-ConfigCommon			OPTIONAL, 
tdd-UL-DL-configurationCommon2	TDD-UL-DL-ConfigCommon			OPTIONAL,
ss-PBCH-BlockPower					INTEGER (-60..50)
	
	2
6-66




3
1
1-3
7-36
7-36
7
	
	

	
	
	TDD-UL-DL-ConfigCommon ::=				SEQUENCE {
	refereceSubcarrierSpacing	SubcarrierSpacing		OPTIONAL,
	dl-UL-TransmissionPeriodicity	ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}							OPTIONAL,
	nrofDownlinkSlots		INTEGER (0..160)			OPTIONAL,
	nrofDownlinkSymbols		INTEGER (0..maxSymbolIndex)	OPTIONAL,
	nrofUplinkSlots			INTEGER (0..160)			OPTIONAL,
	nrofUplinkSymbols		INTEGER (0..maxSymbolIndex)	OPTIONAL
}
	
	
  
	
  1-3
  1-4

  1-9
  1-5
  1-9
  1-5
	




maxSymbolIndex	 INTEGER ::= 13

	cellAccessRelatedInfo
	94-244
	
	
	From LTE

	
	plmn-IdentityList	PLMN-IdentityList,
trackingAreaCode	TrackingAreaCode,
cellIdentity	CellIdentity,
ranNotificationAreaCode RANnotificationAreaCode
	
	6-156
16
36
36
	
	From LTE: PLMN-IdentityList ::= SEQUENCE (SIZE (1..maxPLMN-r11))  OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=	 SEQUENCE {
  plmn-Identity  PLMN-Identity,
  cellReservedForOperatorUse	ENUMERATED {r, notR}
}

PLMN-Identity ::= SEQUENCE {
	mcc	MCC	OPTIONAL,			
	mnc	MNC
}

MCC ::=	SEQUENCE (SIZE (3)) OF MCC-MNC-Digit

MNC ::=	SEQUENCE (SIZE (2..3)) OF MCC-MNC-Digit

MCC-MNC-Digit ::= INTEGER (0..9)

maxPLMN-r11 INTEGER ::=	6 

TrackingAreaCode ::=	 BIT STRING (SIZE (16))
Notet that TAC might need to be provided per PLMN.

(R3-174229) RAN3 has reached the following agreements related to NCI and its structure:
1)	The NCI has fixed length of 36 bits.
2)	The leftmost bits of the NCI correspond to the gNB ID.
3)	The gNB ID has flexible length between 22 bits and 32 bits in 1-bit steps (11 values), to accommodate different deployment scenarios.

	cellSelectionInfo
	1-10
	
	
	

	
	SEQUENCE {
	q-RxLevMin		Q-RxLevMin,
	q-RxLevMinOffset	INTEGER (1..8)	OPTIONAL
},
	
	
6
1-4
	
	From LTE: Q-RxLevMin ::= INTEGER (-70..-22)


	SchedulingInfo
	45++
	
	
	

	
	si-WindowLength	ENUMERATED {ms1, ms2, ms5, ms10, ms15, ms20, ms40},
schedulingInfoList	SchedulingInfoList,

+ notification of on demand availability (1 bit per SIB)

	
	3
42
	
	From LTE: SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

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

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

SIB-Type ::= ENUMERATED {sibType3, sibType4, sibType5, sibType6,
		sibType7, sibType8, sibType9, sibType10,
		sibType11, sibType12-v920, sibType13-v920,
		sibType14-v1130, sibType15-v1130,
		sibType16-v1130, sibType17-v1250, 
                                        sibType18-v1250, ..., sibType19-v1250, 
                                        sibType20-v1310, sibType21-v1430}


maxSIB  INTEGER ::= 32	
maxSIB-1 INTEGER ::= 31 
maxSI-Message INTEGER ::= 32	

Assuming:
SI1 = SIB2,3,4,5 (NR and LTE reselection)
SI2 = SIB6,7,8 (ETWS, CMAS)
SI3 = 16 (GPS and UTC)

	ValueTag
	
	
	
	

	
	systemInfoValueTag per SIB		INTEGER (0..31)
	40
	
	
	Assuming 8 SIBs

	Additional parameters for requesting other SI
	
	5
	
	

	
	Msg1vsMsg3
preamblesGroupBConfig	SEQUENCE {
    sizeOfRA-PreamblesGroupB	SetOfPreambles,
} OPTIONAL 

	
	1
4?
	
	

	Access Barring
	68
	
	
	

	
	acBarringInfo SEQUENCE (SIZE (1..64)) OF AC-BarringConfig

Assuming only one bitmap and AC 0..8
	
	63
5
	
	From LTE: 
AC-BarringConfig ::= SEQUENCE {
  ac-BarringFactor  ENUMERATED {p00, p05, p10, p15, p20, p25,  p30, p40, p50, p60, p70, p75, p80, p85, p90, p95},
  ac-BarringTime  ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},
   ac-BarringForSpecialAC		BIT STRING (SIZE(5))

Note that more information may need to be provided due to Unified Access Barring mechanism.

	Service identification
	
	
	?
	
	

	
	
	
	
	




