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1 Introduction

This contribution discusses the open aspects related to the system information (SI) modification to enable Rel-13 LC/EC; focusing on the boundaries in which the SI might change and the enhancements proposed to the mechanism used to indicate the change itself.
2 Discussion
2.1 SI modification boundaries
The motivation of defining a new "EC SI period" in addition to the SI period and the BCCH modification period for Rel-13 LC/EC SIB(s) was described in [1]. Figure 1 summarizes the key points that are also explained in the following observations.
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Figure 1. "EC SI period" concept in relation to SI period and BCCH modification period
Observation 1. The "EC SI period" concept may help to indicate the boundaries where at least the content of non-common SIBs (e.g. SIB1, SIB10, SIB11, SIB12 and SIB14 if they are still defined for Rel-13 LC/EC) could change, understanding that Rel-13 BCCH modification period is multiple of the "EC SI period".
Observation 2. For Rel-13 LC/EC UEs, a broadcast HARQ process is also defined (as legacy), however UE may handle/combine the different Rel-13 LC/EC SI messages in parallel (but interleaved on time) by partitioning its soft buffer and/or re-using some of the unicast HARQ process if available; however, there is no specification effort required as this could be left up to UE implementation.

Proposal 1. To define a new "EC SI period", with the Rel-13 BCCH modification period as a multiple of the "EC SI period", to indicate the boundaries where the content of non-common SIBs (e.g. SIB1, SIB10, SIB11, SIB12 and SIB14 if they are still defined for Rel-13 LC/EC) could change, i.e. BCCH-modification-period = N * EC-SI-period and it is left up to network implementation which N to pick. 
2.2 SI modification indication through SIB1 message

RAN2 agreed as part of RAN2#91 [2] discussion to the point 1.11 shown below; this section aims to provide details on the new mechanism to indicate through SIB1 which SIB and/or SI message changes at any time. 
"1.11.
To define new indication(s) that allow the UE to differentiate the actual common SIB(s) that change in certain BCCH modification period (i.e. common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12 and SIB14); however, details on how to enable this are left FFS."

Firstly, it is important to decide if these new indications refer to specific SIB or SI message indication. The system information (SI) behaviour allows that multiple SIBs are mapped into the same (RRC) SI message assuming that those SIBs have same periodicity and the total SI message size does not exceed the maximum size allowed by PHY layer, which for Rel-13 LC UEs is 1000bits. Assuming a SI message that contains SIBx and SIBy, the UE does not get any advantage to know that only one of the SIBs has changed as it would need to decode the SI message in order to get the details corresponding to each SIB. In addition the total number of SI messages will always be equal or less than the total number of SIB(s). Therefore, it is preferable to indicate the change per SI message instead of SIB (in which case the SchedulingInfoList sent in SIB1 may be re-used). 
Proposal 2. To define new indications of the changes per SI message sent, referred by si-ChangeIndication.
Secondly, it has to be discussed which kind of information will be indicated by si-ChangeIndication, for example, a flag, such as, true/false or 0/1 kind of information, vs an integer value similarly to systemInfoValueTag. In addition, the usage and relation of this new indication (si-ChangeIndication) and systemInfoValueTag has to be clarified. The reason to use systemInfoValueTag as an integer is to allow that when a UE loses coverage for one or more BCCH modification period, then after retuning in coverage, it can check the systemInfoValueTag to determine if it has changed versus the value stored. Therefore the si-ChangeIndication could be defined as an integer for a UE to keep history of the status of each SI message although that would require more signaling overhead and more memory/processing in the UE than a bit indication. Therefore, as it is also explained in the example of the Annex A, we propose to use the systemInfoValueTag in addition to the si-ChangeIndication. 
Proposal 3. To define the si-ChangeIndication as a flag value (e.g. 0/1 or true) that indicates the change of a specific SI message in current BCCH modification period. 
Proposal 4. To agree that the si-ChangeIndication is defined within the SchedulingInfoList, and to discuss if the si-ChangeIndication is defined as a boolean, enumerated or integer.

Proposal 5. To agree that UE uses the si-ChangeIndication and systemInfoValueTag information as follows: (a) if UE detects that the systemInfoValueTag has increased by 1 from previous value, the UE checks list of si-ChangeIndication, to only re-acquire the SI messages that have changed; (b) if UE detects that the systemInfoValueTag has increased by more than 1 from previous value, the UE behaves as legacy (i.e. acquires all SI messages).
Thirdly, it has to be confirmed that, similarly to the systemInfoValueTag, the si-ChangeIndication indicates the change of specific SI messages in current BCCH modification period. On the other hand, the systemInfoValueTag only refers to changes of the common SIB(s) (i.e. common for all SIBs other than MIB, SIB1, SIB10, SIB11, SIB12, and SIB14); however, legacy SchedulingInfoList also contains the information of those non-common SIBs, and consequently, the UE behaviour needs to be clarified. 

Proposal 6. To agree that si-ChangeIndication can also indicate changes of the non-common SIBs (as they are part of legacy SchedulingInfoList); therefore even though systemInfoValueTag does not change its value, the si-ChangeIndication may change its value within a BCCH modification period for the SI messages containing non-common SIBs apart from MIB and SIB1.
2.3 SI modification indication through paging message

In RAN2#90 meeting discussion it was agreed that DL control channel may indicate the system change notification during the paging occasions, as shown below.
1
Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2
RAN2 assumption, for RAN1 to confirm: It is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) while avoid sending a paging record on the shared channel. 

5
The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling. 

The open aspect is if the term "system information update" refers only to systemInfoModification or also to the other SI indications, etws-Indication, cmas-Indication-r9 and eab-ParamModification-r11. During SIB [90#23] email discussion [1], it was agreed that Rel-13 LC/EC UEs support ETWS, CMAS and EAB same as legacy ones; therefore, it would be preferred if previous agreement referred to all SI updates indications that are currently sent within paging message, understanding that final decision would also depend on RAN1 confirmation. 
In addition, it is important to clarify the implication of the part "while avoid sending a paging record on the shared channel; the intention behind is that when network does not need to page any UE but it needs to indicate a change in the SI, it could use send DL control channel to indication the SI update indication instead of paging message. Therefore when there is a paging record to be sent in a PO/PF for traffic-related paging, then the SI update indication is carried in the PDSCH as part of the paging record.
Proposal 7. To confirm on the RAN2 assumption, for RAN1 to confirm that it is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) when there is no UE to be paged in that PO/PF. The system information update refers to systemInfoModification, etws-Indication, cmas-Indication-r9, as well as, eab-ParamModification-r11.
Proposal 8. To confirm that when there is a paging record to be sent in certain PO/PF, legacy mechanism can be used to indicate the system information update i.e. through paging message sent in PDSCH.
In order to enable this new behaviour, the UE could monitor two DCI formats of the same size: one to schedule the PDSCH that carries the paging message and another to indicate that the DCI itself carries the system information update related indication. These two DCI formats could be distinguished via different RNTIs that are used to scramble the CRC of the DCI, e.g. legacy Paging-RNTI (P-RNTI) and a new System Information Update-RNTI (SIUp-RNTI). The details are up to RAN1 decision, however, in absence of paging record, the resource allocation fields for PDSCH scheduling (that may include information on MCS/TBS, frequency location, number of repetitions) could potentially be reused to carry the SI update indication information (which could be limited to a maximum of 4 bits to be able to notify SI medication of common SIBs, ETWS, CMAS and EAB) with any required zero-padding (padding with "zero“ bits) to keep the size of the DCI the same. The main motivation would be to avoid blind decoding in the UE side i.e. UE only needs to perform 2 de-scrambling operations with the 2 RNTIs.
Proposal 9. To define a new System Information Update-RNTI (SIUp-RNTI) to scramble the CRC of the DCI carrying the system information update related indication.
3 Conclusion
This contribution discusses the open aspects related to the system information (SI) modification to enable Rel-13 LC/EC, and the corresponding proposals are listed below:
Proposal 1. To define a new "EC SI period", with the Rel-13 BCCH modification period as a multiple of the "EC SI period", to indicate the boundaries where the content of non-common SIBs (e.g. SIB1, SIB10, SIB11, SIB12 and SIB14 if they are still defined for Rel-13 LC/EC) could change, i.e. BCCH-modification-period = N * EC-SI-period and it is left up to network implementation which N to pick. 
Proposal 2. To define new indications of the changes per SI message sent, referred by si-ChangeIndication.
Proposal 3. To define the si-ChangeIndication as a flag value (e.g. 0/1 or true) that indicates the change of a specific SI message in current BCCH modification period. 
Proposal 4. To agree that the si-ChangeIndication is defined within the SchedulingInfoList, and to discuss if the si-ChangeIndication is defined as a boolean, enumerated or integer.

Proposal 5. To agree that UE uses the si-ChangeIndication and systemInfoValueTag information as follows: (a) if UE detects that the systemInfoValueTag has increased by 1 from previous value, the UE checks list of si-ChangeIndication, to only re-acquire the SI messages that have changed; (b) if UE detects that the systemInfoValueTag has increased by more than 1 from previous value, the UE behaves as legacy (i.e. acquires all SI messages).

Proposal 6. To agree that si-ChangeIndication can also indicate changes of the non-common SIBs (as they are part of legacy SchedulingInfoList); therefore even though systemInfoValueTag does not change its value, the si-ChangeIndication may change its value within a BCCH modification period for the SI messages containing non-common SIBs apart from MIB and SIB1.
Proposal 7. To confirm on the RAN2 assumption, for RAN1 to confirm that it is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) when there is no UE to be paged in that PO/PF. The system information update refers to systemInfoModification, etws-Indication, cmas-Indication-r9, as well as, eab-ParamModification-r11.
Proposal 8. To confirm that when there is a paging record to be sent in certain PO/PF, legacy mechanism can be used to indicate the system information update i.e. through paging message sent in PDSCH.
Proposal 9. To define a new System Information Update-RNTI (SIUp-RNTI) to scramble the CRC of the DCI carrying the system information update related indication.
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5 Annex A
Table 1. Exemplary description of how the new SI change indication when a UE misses previous indication

	Instant of time
	SI value tag
	New change indication
	

	t0
	x
	(legacy)
	· UE1 and UE2 check the SI value tag and, if the value is different than previous one, the UE1 and UE2 acquire all the common SI.

	t1
	x+1
	(legacy)
	· UE1 and UE2 check the SI value tag and, as the value is different than previous one, the UE1 and UE2 acquire all the common SI.

	t2
	x+1
	(legacy)
	· UE1 and UE2 check the SI value tag and, as the value is the same as previous one, the UE1 and UE2 continue using previous SI.

	t3
	x+2
	SIy = 1
	· Case 1) UE1 checks the SI value tag and, as the value is different than previous one, but the UE1 only acquires the SI message that changes – in this case SIy.

· Case 2) For some reasons, UE2 misses the change on the SI value tag.

	t4
	x+3
	SIz = 1
	· Case 1) UE1 checks the SI value tag and, as the value is different than previous one, but the UE1 only acquires the SI message that changes – in this case SIz.

· Case 2) UE2 checks the SI value tag and, as the value is different by more than one value than previous one, UE2 realized that it missed previous change and behaves as legacy (i.e. UE2 acquires all SI messages) 


6 Annex B
SI scheduling relevant ASN.1 details of SystemInformationBlockType1 message reference from TS. 36.331 (some parts of the message are omitted for simplicity).
-- ASN1START

SystemInformationBlockType1 ::=

SEQUENCE {

…
schedulingInfoList




SchedulingInfoList,

systemInfoValueTag




INTEGER (0..31),

…

}

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}
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