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Introduction
Large SIBs such as ETWS secondary notification and CMAS alerts including geographical coordinates may have to be segmented. The reception of multiple SIB segments over a number of SI periods may be interrupted by cell re-selection, delaying the reception of these critical warning messages. This problem and a possible solution are discussed further in this contribution.
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SIB segmentation and cell re-selection
ETWS secondary notifications (SIB7) and CMAS alerts including geographical coordinates (SIB8) can be large and require segmentation. In case the content does not fit into the maximum SIB size (2976 bits) or when the SIB size is limited to improve reliable reception at the cell edge, SIB segmentation is needed. 
For example a large CMAS SIB including geographical coordinates may be divided into 5 segments, and then a single SIB segment is transmitted every SIB periodicity (si-Periodicity, {80 ms, 160 ms, 320 ms, 640 ms, 1.28 sec, 2.56 sec 5.12 sec}). The SIB is repeated during a SIB period, dependent on the number of SSB configured (ssb-PositionsInBurst). 
Typically a short periodicity is configured for PWS SIBs, e.g. 160 ms for SIB6 and 640 ms for SIB7/SIB8, to enable fast acquisition. For ETWS secondary notification and CMAS, there is no explicit latency requirement as for ETWS primary notification of 4 sec, but also for these PWS SIBs it is important to ensure a low latency: 
Observation 1: Low latency to receive ETWS secondary notifications and CMAS alerts is important.
The UE is not allowed to use any stored PWS SIB info (SIB6, SIB7, SIB8) after cell re-selection (see section 5.2.2.2.1 SIB validity in 38.331):
The UE may use a valid stored version of the SI except MIB, SIB1, SIB6, SIB7 or SIB8 e.g. after cell re-selection, upon return from out of coverage or after the reception of SI change indication.
This means that if the SIB acquisition is interrupted due to cell re-selection the UE has to start over again in the new cell. Thus cell re-selection increases the acquisition delay with n x si-Periodicity, e.g. 3.2 sec with 5 segments and 640 ms DRX cycle:
Observation 2: When the SIB re-assembly is interrupted by cell re-selection the acquisition latency can be increased with several seconds, i.e. additional latency of n x si-Periodicity in case of n segments.
The same problem can also be observed for a UE in connected mode after handover, in case the UE receives the system information via paging/otherSI searchspace configured on the active BWP: 
Observation 3: In case the UE receives system information on the active BWP in connected mode, then handover may interrupt the SIB re-assembly similar as cell re-selection in idle mode does.  
It should also be noted that a UE at the cell border, may experience both problems to receive large SIBs and interruptions due to cell re-selection. 
Observation 4: Especially at the cell border the UE may experience increased delay to receive large SIBs.
The UE may also experience in some cases a (very) short dwell time in the cell, and not be able to acquire the PWS alert, before re-selecting to another cell again. For example a UE that is moving at a high speed may experience such problems: 
Observation 5: A short dwell time can prevent the UE from acquiring all the SIB segments in the cell.
When SIB re-assembly is interrupted by cell re-selection this also increases the UE power consumption. In case of CMAS there can be concurrent CMAS alerts being broadcasted which the UE needs to acquire. For example there can be multiple AMBER alerts broadcasted continuously during a 24 hour period, and they may be broadcasted in different languages: 
Observation 6: Interruption of SIB re-assembly by cell re-selection increases the UE power consumption. 
SIB area
The network can indicate in system information when the content of SIB2 and larger is the same (areaScope) in a certain area (systemInformationAreaID). The UE can thus store SIBx content for a SIB area, and use this stored information after re-selection to a new cell that belongs to the same SIB area (and the valueTag matches). A legacy UE can only store SIB info for a cell that it has visited before, but when the UE selects a new cell the UE has to acquire the system information again. 
The SIB area (systemInformationAreaID) indicates that the SIB content is the same, but the SIB scheduling (e.g. si-Periodicity) and SIB segmentation (e.g. #segments and segment size) may be different in gNBs belonging to the same SIB area. The SIB segmentation is determined by the gNB, i.e. gNB-CU for SIB7 and SIB8. The SIB segmentation may depend on the cell type and required cell edge performance (e.g. whether to use a large SIB or smaller SIB segments). 
Introduction of a PWS segmentation area, where the SIB7/SIB8 segmentation is the same, can significantly improve the PWS acquisition latency in case it is interrupted by cell re-selection:
Proposal 1: Introduce a PWS segmentation area, where the SIB7/SIB8 segmentation is the same, based on the SIB area concept. 
A PWS segmentation area builds on the SIB area concept, and can potentially re-use the systemInformationAreaID configuration. An text proposal is provided for information in the Appendix, and details can be discussed further. 
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Observation 1: Low latency to receive ETWS secondary notifications and CMAS alerts is important.
Observation 2: When the SIB re-assembly is interrupted by cell re-selection the acquisition latency can be increased with several seconds, i.e. additional latency of n x si-Periodicity in case of n segments.
Observation 3: In case the UE receives system information on the active BWP in connected mode, then handover may interrupt the SIB re-assembly similar as cell re-selection in idle mode does.  
Observation 4: Especially at the cell border the UE may experience increased delay to receive large SIBs.
Observation 5: A short dwell time can prevent the UE from acquiring all the SIB segments in the cell.
Observation 6: Interruption of SIB re-assembly by cell re-selection increases the UE power consumption. 
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Appendix: Text proposal example
–	SI-SchedulingInfo
The IE SI-SchedulingInfo contains information needed for acquisition of SI messages.
SI-SchedulingInfo information element
-- ASN1START
-- TAG–SI-SCHEDULINGINFO-START

SI-SchedulingInfo ::=               SEQUENCE {
    schedulingInfoList                  SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo,
    si-WindowLength                     ENUMERATED {s5, s10, s20, s40, s80, s160, s320, s640, s1280},
    si-RequestConfig                    SI-RequestConfig                                                OPTIONAL,  -- Cond MSG-1
    si-RequestConfigSUL                 SI-RequestConfig                                                OPTIONAL,  -- Cond SUL-MSG-1
    systemInformationAreaID             BIT STRING (SIZE (24))                                          OPTIONAL,   -- Need R
    ...,
    [[
    sameSegmentationSIB7                ENUMERATED {true}                                               OPTIONAL,  -- Need R
    sameSegmentationSIB8                ENUMERATED {true}                                               OPTIONAL,  -- Need R
    pws-SegmentationAreaID              BIT STRING (SIZE (24))                                          OPTIONAL   -- Need R
    ]]
}

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

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

SIB-TypeInfo ::=                    SEQUENCE {
    type                                ENUMERATED {sibType2, sibType3, sibType4, sibType5, sibType6, sibType7, sibType8, sibType9,
                                                     sibType10-v1610, sibType11-v1610, sibType12-v1610, sibType13-v1610, sibType14-v1610,
                                                    spare3, spare2, spare1,... },
    valueTag                            INTEGER (0..31)                                                  OPTIONAL, -- Cond SIB-TYPE
    areaScope                           ENUMERATED {true}                                                OPTIONAL -- Need S
}

-- TAG-SI-SCHEDULINGINFO-STOP
-- ASN1STOP

	SchedulingInfo field descriptions

	areaScope
Indicates that a SIB is area specific. If the field is absent, the SIB is cell specific.

	si-BroadcastStatus
Indicates if the SI message is being broadcasted or not. Change of si-BroadcastStatus should not result in system information change notifications in Short Message transmitted with P-RNTI over DCI (see clause 6.5). The value of the indication is valid until the end of the BCCH modification period when set to broadcasting.

	si-Periodicity
Periodicity of the SI-message in radio frames. Value rf8 corresponds to 8 radio frames, value rf16 corresponds to 16 radio frames, and so on.



	SI-RequestResources field descriptions

	ra-AssociationPeriodIndex
Index of the association period in the si-RequestPeriod in which the UE can send the SI request for SI message(s) corresponding to this SI-RequestResources, using the preambles indicated by ra-PreambleStartIndex and rach occasions indicated by ra-ssb-OccasionMaskIndex.

	ra-PreambleStartIndex
If N SSBs are associated with a RACH occasion, where N > = 1, for the i-th SSB (i=0, …, N-1) the preamble with preamble index = ra-PreambleStartIndex + i is used for SI request; For N < 1, the preamble with preamble index = ra-PreambleStartIndex is used for SI request.



	SI-SchedulingInfo field descriptions

	si-RequestConfig
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-RequestConfigSUL
Configuration of Msg1 resources that the UE uses for requesting SI-messages for which si-BroadcastStatus is set to notBroadcasting.

	si-WindowLength
The length of the SI scheduling window. Value s5 corresponds to 5 slots, value s10 corresponds to 10 slots and so on. The network always configures si-WindowLength to be shorter than or equal to the si-Periodicity.

	systemInformationAreaID
Indicates the system information area that the cell belongs to, if any. Any SIB with areaScope within the SI is considered to belong to this systemInformationAreaID. The systemInformationAreaID is unique within a PLMN.

	sameSegmentationSIB7
Indicates that SIB7 segmentation is area specific. If the field is absent, the SIB7 segmentation is cell specific.

	sameSegmentationSIB8
Indicates that SIB8 segmentation is area specific. If the field is absent, the SIB7 segmentation is cell specific.

	pws-SegmentationAreaID
Indicates the segmentation area that the cell belongs to, if any. If for SIB7 and/or SIB8 it is indicated that the segmentation is area specific, the segmentation area is indicated by pws-SegmentationAreaID, otherwise by.systemInformationAreaID.



	Conditional presence
	Explanation

	MSG-1
	The field is optionally present, Need R, if si-BroadcastStatus is set to notBroadcasting for any SI-message included in SchedulingInfo. It is absent otherwise.

	SIB-TYPE
	The field is mandatory present if the SIB type is different from SIB6, SIB7 or SIB8. For SIB6, SIB7 and SIB8 it is absent.

	SUL-MSG-1
	The field is optionally present, Need R, if supplementaryUplink is configured in ServingCellConfigCommonSIB and if si-BroadcastStatus is set to notBroadcasting for any SI-message included in SchedulingInfo. It is absent otherwise.



