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1. Introduction
This paper attempts raise an issue observed in the field when SIB24 is broadcasted in the LTE network. 

2. Discussion
2.1. Problem statement
SIB1 conveys the scheduling information on SIB2 and onwards. The field of SI scheduling information (i.e. schdeulingInfoList) is present in the original SIB1 message defined in the beginning of Rel-8 as shown below.
SystemInformationBlockType1 ::=		SEQUENCE {
	cellAccessRelatedInfo				SEQUENCE {
		plmn-IdentityList					PLMN-IdentityList,
		trackingAreaCode					TrackingAreaCode,
		cellIdentity						CellIdentity,
		cellBarred							ENUMERATED {barred, notBarred},
		intraFreqReselection				ENUMERATED {allowed, notAllowed},
		csg-Indication						BOOLEAN,
		csg-Identity						CSG-Identity			OPTIONAL	-- Need OR
	},
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP
	},
	p-Max								P-Max						OPTIONAL,			-- Need OP
	freqBandIndicator					FreqBandIndicator,
	schedulingInfoList					SchedulingInfoList,
	tdd-Config							TDD-Config					OPTIONAL,	-- Cond TDD
	si-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
	systemInfoValueTag					INTEGER (0..31),
	nonCriticalExtension				SystemInformationBlockType1-v890-IEs	OPTIONAL
}

<< skip unrelated fields >>

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

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

The schedulingInfoList is a list of scheduling information (i.e. SchedulingInfo), which consists of SI scheduling period (si-Periodicity) and SIBs scheduled for the SI message (sib-MappingInfo). The SIB-MappingInfo is a list of SIB type as shown below.
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,
										sibType24-v1530, sibType25-v1530, sibType26-v1530}

It is worthwhile highlighting the fact that SIB24 (sibType24-v1530) was added after the extension marker. According to the error handling specified in TS 36.331, for legacy UEs (Rel-14 and earlier) who do not comprehend the extended value of SIB-Type merely ignores it and proceed the other parts in SIB1, as valid. For instance, when a SI message conveys SIB6 and SIB24, the legacy UE consider that the SI message just conveys SIB6.
Nevertheless, the field experience has revealed the fact that some legacy UEs ignore the entire SIB1 and considers to fail in acquiring SIB. Therefore, the cell broadcasting SIB24 is considered as barred.

2.2. Relevant work in RAN5
RAN5 discussed this problem at the May meeting 2020 (RAN5 #87e) [1]. In conclusion, RAN5 produced and agreed the CRs to add the test case that the legacy UE ignores spare values and extended values, when they are present in schedulingInfoList [2, 3].
2.3. Implication of dealing with legacy UE
In accordance with the test case amendment done by RAN5, if all of the UEs who cannot handle the uncomprehending value properly were updated to fix the bug, the problem could be ironed out and the eNB could broadcast SIB24. Nevertheless, not all of the problematic UEs can be updated in reality (e.g. expiry of warranty period).
If the problematic UE still remains in the network, the LTE network cannot broadcast SIB24, even though NR SA service is launched and provided. In this case, once NR SA capable UEs camp on the LTE network, the UE will never reselect an NR cell (except if the UE returns back from out of coverage). For NR SA capable UEs in such a case, the terminal display cannot show “5G” since the UE camps on an LTE cell (except if the upper layer indication is used). Furthermore, every time when the NR SA capable UE transits to the connected start to originate or terminate a call, the LTE NW has to redirect the UE to an NR carrier. This is an extra burden for the LTE NW to offer NR SA services. It is also noted that redirection from LTE to NR involves the core network change (EPC to 5GC), unless LTE is connected to 5GC.
One may argue that SIB24 can be broadcasted on some of the operating bands, if the problematic UE does not that frequency band and the other normal UE supports it. However, not all of the operators have such a (lucky) situation. Especially for the lower frequency bands which provide nation-wide coverage, it is likely that both the problematic and normal UEs support such an essential frequency bands. Therefore, the following is observed:
Observation:	Unless all of the UEs who cannot handle the uncomprehending value properly are upgraded to fix the bug, LTE NW cannot broadcast SIB24 for NR SA and has to redirect the UE to NR whenever the UE originates terminates a call.
2.4. Another potential solution
To iron out the remaining issue explained in the previous clause, another approach can be considered which does not require the software update of the problematic UE. That is to introduce an additional SI scheduling information list in SIB1 which NR SA capable UEs can comprehend. SIB24 is scheduled via the additional SI scheduling information list, whilst the legacy SI scheduling information list is untouched and kept as it is. An example of ASN.1 changes is provided in the annex section in this paper.
Of course, this solution can work only if all NR SA capable UEs support the additional SI scheduling information list. Nonetheless, given the fact that NR SA has not been widely deployed and is in the phase of preparing the commercial launch, it would not be too late to patch all NR SA UEs. However, early decision is deemed as necessary not to delay the schedule of NR SA commercial launch. 
3. Summary and proposal
This paper raised the issue when SIB24 is broadcasted in the LTE network. In conclusion, the following is proposed:
Proposal 1:	An additional SI scheduling information list is introduced in LTE SIB1, which is aimed at scheduling SIBs defined after the extension marker in the existing SIB-Type (i.e. SIB19 and onwards).
Proposal 2:	The additional SI scheduling information list is introduced from Rel-15.
Proposal 3:	All NR SA capable UEs shall support the additional scheduling information list.
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Annex A:	Example of ASN.1 changes
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SystemInformationBlockType1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. SystemInformationBlockType1-BR uses the same structure as SystemInformationBlockType1.
Signalling radio bearer: N/A
RLC-SAP: TM
Logical channels: BCCH and BR-BCCH
Direction: E‑UTRAN to UE
SystemInformationBlockType1 message
-- ASN1START

SystemInformationBlockType1-BR-r13 ::=	SystemInformationBlockType1

SystemInformationBlockType1 ::=		SEQUENCE {
	cellAccessRelatedInfo				SEQUENCE {
		plmn-IdentityList					PLMN-IdentityList,
		trackingAreaCode					TrackingAreaCode,
		cellIdentity						CellIdentity,
		cellBarred							ENUMERATED {barred, notBarred},
		intraFreqReselection				ENUMERATED {allowed, notAllowed},
		csg-Indication						BOOLEAN,
		csg-Identity						CSG-Identity			OPTIONAL	-- Need OR
	},
	cellSelectionInfo					SEQUENCE {
		q-RxLevMin							Q-RxLevMin,
		q-RxLevMinOffset					INTEGER (1..8)			OPTIONAL	-- Need OP
	},
	p-Max								P-Max						OPTIONAL,			-- Need OP
	freqBandIndicator					FreqBandIndicator,
	schedulingInfoList					SchedulingInfoList,
	tdd-Config							TDD-Config					OPTIONAL,	-- Cond TDD
	si-WindowLength						ENUMERATED {
											ms1, ms2, ms5, ms10, ms15, ms20,
											ms40},
	systemInfoValueTag					INTEGER (0..31),
	nonCriticalExtension				SystemInformationBlockType1-v890-IEs	OPTIONAL
}

<< skip unchanged part >>

SystemInformationBlockType1-v1540-IEs ::= 	SEQUENCE {
	si-posOffset-r15								ENUMERATED {true}		OPTIONAL,	-- Need ON
	nonCriticalExtension				SystemInformationBlockType1-v15xy-IEs		OPTIONAL
}

SystemInformationBlockType1-v15xy-IEs	::=	SEQUENCE {
	schedulingInfoList-v15xy			SchedulingInfoList-v15xy	OPTIONAL,	-- Need OR
	nonCriticalExtension							SEQUENCE {}			OPTIONAL
}

<< skip unchanged part >>

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfoList-v15xy ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-v15xy

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

SchedulingInfo-v15xy ::=	SEQUENCE {
	si-Periodicity-r15			ENUMERATED {rf8, rf16, rf32, rf64, rf128, rf256, rf512},
	sib-MappingInfo-r15		SIB-MappingInfo-r15
}

SchedulingInfoList-BR-r13 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-BR-r13

SchedulingInfo-BR-r13 ::=	SEQUENCE {
	si-Narrowband-r13		INTEGER (1..maxAvailNarrowBands-r13),
	si-TBS-r13				ENUMERATED {b152, b208, b256, b328, b408, b504, b600, b712, b808, b936}
}

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

SIB-MappingInfo-r15 ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type-r15

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,
										sibType24-v1530, sibType25-v1530, sibType26-v1530}

SIB-Type-r15 ::=					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,
										sibType24-v1530, sibType25-v1530, sibType26-v1530,
										spare10, spare9, spare8, spare7, spare6,
										spare5, spare4, spare3, spare2, spare1, ...}

<< skip unchanged part >>

-- ASN1STOP

	SystemInformationBlockType1 field descriptions

	<< omit unrelevant fields >>

	si-TBS
This field indicates the transport block size information used to broadcast the SI message towards BL UEs and UEs in CE, see TS 36.213 [23], Table 7.1.7.2.1-1, for a 6 PRB bandwidth and a QPSK modulation.

	schedulingInfoList
Indicates scheduling information of SI messages from SIB3 to SIB18. E-UTRAN shall not schedule SIB19 and onwards via this field.

	schddulingInfoList-v15xy
Indicates scheduling information of SI messages. This field shall not schedule the same SIBs as in schedulingInfoList (without suffix).

	schedulingInfoList
Indicates scheduling information of SI messages from SIB3 to SIB18. E-UTRAN shall not schedule SIB19 and onwards via this field.

	schddulingInfoList-v15xy
Indicates scheduling information of SI messages. This field shall not schedule the same SIBs as in schedulingInfoList (without suffix).

	schedulingInfoList-BR
Indicates additional scheduling information of SI messages for BL UEs and UEs in CE. It includes the same number of entries, and listed in the same order, as in schedulingInfoList (without suffix).

	si-ValidityTime
Indicates system information validity timer. If set to TRUE, the timer is set to 3h, otherwise the timer is set to 24h.

	si-WindowLength, si-WindowLength-BR
Common SI scheduling window for all SIs. Unit in milliseconds, where ms1 denotes 1 millisecond, ms2 denotes 2 milliseconds and so on. In case si-WindowLength-BR-r13 is present and the UE is a BL UE or a UE in CE, the UE shall use si-WindowLength-BR-r13 and ignore the original field si-WindowLength (without suffix). UEs other than BL UEs or UEs in CE shall ignore the extension field si-WindowLength-BR-r13.

	startSymbolBR
For BL UEs and UEs in CE, indicates the OFDM starting symbol for any MPDCCH, PDSCH scheduled on the same cell except the PDSCH carrying SystemInformationBlockType1-BR, see TS 36.213 [23]. Values 1, 2, and 3 are applicable for dl-Bandwidth greater than 10 resource blocks. Values 2, 3, and 4 are applicable otherwise.

	systemInfoValueTagList
Indicates SI message specific value tags for BL UEs and UEs in CE. It includes the same number of entries, and listed in the same order, as in schedulingInfoList (without suffix).

	systemInfoValueTagSI
SI message specific value tag as specified in clause 5.2.1.3. Common for all SIBs within the SI message other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14.

	systemInfoValueTag
Common for all SIBs other than MIB, MIB-MBMS, SIB1, SIB1-MBMS, SIB10, SIB11, SIB12 and SIB14. Change of MIB, MIB-MBMS, SIB1 and SIB1-MBMS is detected by acquisition of the corresponding message.

	tdd-Config
Specifies the TDD specific physical channel configurations. NOTE 2.

	trackingAreaCode/trackingAreaCode-5GC
A trackingAreaCode that is common for all the PLMNs listed. NOTE2. NOTE 5.



NOTE 1:	The value the UE applies for parameter "Qqualmin" in TS 36.304 [4] depends on the q-QualMin fields signalled by E-UTRAN and supported by the UE. In case multiple candidate options are available, the UE shall select the highest priority candidate option according to the priority order indicated by the following table (top row is highest priority).
	q-QualMinRSRQ-OnAllSymbols
	q-QualMinWB
	Value of parameter "Qqualmin" in TS 36.304 [4]

	Included
	Included
	q-QualMinRSRQ-OnAllSymbols – (q-QualMin – q-QualMinWB)

	Included
	Not included
	q-QualMinRSRQ-OnAllSymbols

	Not included
	Included
	q-QualMinWB

	Not included
	Not included
	q-QualMin



NOTE 2:	E-UTRAN sets this field to the same value for all instances of SIB1 message that are broadcasted within the same cell.
NOTE 3:	E-UTRAN configures this field only in the BR version of SIB1 message.
NOTE 4:	E-UTRAN configures at most 6 EPC PLMNs in total (i.e. across all the PLMN lists except for PLMN lists in cellAccessRelatedInfoList-5GC in SIB1). E-UTRAN configures at most 6 5GC PLMNs in total (i.e. across all the PLMN lists in cellAccessRelatedInfoList-5GC in SIB1).
NOTE 5:	E-UTRAN configures only one value for this parameter per PLMN.
NOTE 6:	E-UTRAN configures plmn-Index only if the cellBarred is set to notBarred.

	Conditional presence
	Explanation

	BW-reduced
	The field is optional present, Need OR, if schedulingInfoSIB1-BR in MIB is set to a value greater than 0. Otherwise the field is not present.

	FBI-max
	The field is mandatory present if freqBandIndicator (i.e. without suffix) is set to maxFBI. Otherwise the field is not present.

	mFBI
	The field is optional present, Need OR, if multiBandInfoList is present. Otherwise the field is not present.

	mFBI-max
	The field is mandatory present if one or more entries in multiBandInfoList (i.e. without suffix, introduced in -v8h0) is set to maxFBI. Otherwise the field is not present.

	RSRQ
	The field is mandatory present if SIB3 is being broadcast and threshServingLowQ is present in SIB3; otherwise optionally present, Need OP.

	RSRQ2
	The field is mandatory present if q-QualMinRSRQ-OnAllSymbols is present in SIB3; otherwise it is not present and the UE shall delete any existing value for this field.

	Hopping
	The field is mandatory present if si-HoppingConfigCommon field is broadcasted and set to on. Otherwise the field is optionally present, need OP.

	QrxlevminCE1
	The field is optionally present, Need OR, if q-RxLevMinCE1-r13 is set below -140 dBm. Otherwise the field is not present.

	TDD
	This field is mandatory present for TDD; it is not present for FDD and the UE shall delete any existing value for this field.

	TDD-OR
	The field is optional present for TDD, need OR; it is not present for FDD.

	WB-RSRQ
	The field is optionally present, need OP if the measurement bandwidth indicated by allowedMeasBandwidth in systemInformationBlockType3 is 50 resource blocks or larger; otherwise it is not present.

	SI-BR
	The field is mandatory present if schedulingInfoSIB1-BR is included in MIB with a value greater than 0. Otherwise the field is not present.
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