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Introduction
In previous RAN2 meetings, the issue of the SI modification has been discussed. In addition, the following agreements were made for ETWS/CMAS in RAN2 #99 meeting: 
Agreements
1	For NR, different NR system information blocks are defined for ETWS primary notification, ETWS secondary notification and CMAS notification.
2	Paging is used to inform UEs about ETWS indication and CMAS indication. UE monitors ETWS/CMAS indication in its own paging occasion for RRC_IDLE and RRC_INACTIVE. UE monitors ETWS/CMAS indication in any paging occasion for RRC Connected.
3	Paging indicating ETWS/CMAS notification triggers acquisition of system information (without delaying until the next modification period)

In this contribution we analyze the open issues of SI modification period and SI change indication.
Discussion
SI modification period
In LTE change of system information (other than for ETWS, CMAS and EAB parameters and other than for AB parameters for NB-IoT) only occurs at specific radio frames [1]. When the network changes (some of the) system information, it first notifies the UEs about this change. The notification of system information change may be performed throughout a modification period. In the next modification period, the network transmits the updated system information. Table 1 shows the modification period in LTE.
[bookmark: _Ref477877527]Table 1: modification period in LTE
	Use cases 
	Modification Periods 

	(1) Normal case 
	SFN mod m= 0, where m is the number of radio frames comprising the modification period 

	(2) Other cases 
	For BL UEs and UEs in CE : (H-SFN * 1024 + SFN) mod m=0 
For UE in eDRX: H-SFN mod 256 =0 (called eDRX acquisition period)
For NB-IoT UE in eDRX: H-SFN mod 1024 =0 (i.e. eDRX acquisition period for NB-IoT)



eDRX and NB-IoT are not supported in 5GS as per the LS from SA2 [2]. So H-SFN is not supported in NR and only the normal case of modification period is used. Thus, modification period is needed for NR, i.e. SFN mod m= 0, where m is the number of radio frames comprising the modification period. 
Proposal 1: Modification period is needed for NR, i.e. SFN mod m= 0, where m is the number of radio frames comprising the modification period.
SI change indication in paging
In LTE the Paging message is used to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. And UEs in RRC_IDLE check for SI change notification in its paging occasion every DRX cycle. If UE receives a Paging message including the systemInfoModification, it knows that the system information will change at the next modification period boundary.
In NR, paging can be used to transfer SI change indication as LTE. For ETWS/CMAS, it is agreed that ETWS/CMAS indication triggers acquisition of system information (without delaying until the next modification period). Thus, for SI other than for ETWS/CMAS, SI change indication in paging triggers acquisition of system information in the next modification period.
Proposal 2: Paging is used to transfer SI change indication in NR.
Proposal 3: For SI other than for ETWS/CMAS, SI change indication in paging triggers acquisition of system information in the next modification period.
Compared with reading MSI and checking area ID and valuetag in SIB1 all the time, paging is in favor of UE’s power saving. There are 4 methods of SI change indication in paging as follows [3-5]. These methods have varying degree of signaling overhead and UE power consumptions.
· Method 1: 1bit indication, e.g. systemInfoModification
· Method 2: per SIB indication, e.g. SIB bitmap
· Method 3: per SI message indication, e.g. SI message bitmap
· Method 4: particular indication, e.g. area ID and valuetag per SIB
In method1, UE receives 1 bit systemInfoModification in modification N, and knows some SIs will be changed. In modification N+1, UE firstly reads Minimum SI (MSI), and then checks areaID and valuetag of each Other SI (OSI) SIB in SIB1. If the stored SIBs are associated with different area ID or valuetag, then UE receives the changed OSI SIB by the corresponding scheduling info in SIB1. Thus, method1 has least signalling overhead, but UE needs to read MSI and has more power consumption. In addition, 1bit systemInfoModification cannot distinguish whether MSI or on-demand SI will be changed.
In method2, UE receives SIB bitmap in modification N, and knows which SIBs will be changed. If MIB or SIB1 is changed, then in modification N+1 all the UEs read MIB or/and SIB1. If interested OSI SIB is changed, then in modification N+1, UE reads MSI and checks areaID and valuetag of interested OSI SIB in SIB1 to define whether to receive the changed OSI SIB or not. If no interested OSI SIB is changed, UE can do nothing. Thus, UE has less power consumption in method2 since UE can do nothing if it is not interested. However, method2 has more signaling overhead. If UE is interested in OSI, then UE still needs to read MSI.
In method3, UE receives SI message bitmap in modification N, and knows which SI messages will be changed. Similar as method2, UE has less power consumption in method3 since UE can do nothing if it is not interested. In addition, method3 has less signaling overhead compared with method2 and the SI message format is aligned with the scheduling info in SIB1.
In method4, UE receives areaID and valuetag per SIB in modification N, and knows which SIBs will be changed including the changed areaID and valuetag. If interested OSI SIB is changed and the stored SIBs are associated with different area ID or valuetag, then in modification N+1, if SIB1 is not changed, UE receives the changed OSI SIB directly. Compared with the above 3 methods, UE has least power consumption in method4. However, method4 has most signaling overhead. In addition, it is not suitable to use area ID and valuetag for MSI so that additional SI change indication for MSI needs be considered.
The comparison of 4 methods is summarized in Table 2.
Table 2: Comparison of 4 methods
	
	Method 1: systemInfoModification
	Method 2: SIB bitmap
	 Method 3: SI message bitmap
	Method 4: Area ID and valuetag

	Signaling overhead
	least
	more
	less
	most

	UE’s power consumption
	most
	less
	less
	least

	MSI change indication
	no
	yes
	yes
	no

	On-demand SI change indication
	no
	yes
	yes
	yes



According to the analysis above, Method 3: per SI message indication (e.g. SI message bitmap) has less signaling overhead and UE’s power consumption and it can distinguish whether MSI or on-demand SI will be changed. Method 3 can be considered as a compromised solution considering signaling overhead and UE power consumptions. Thus, we propose SI change indication in paging is per SI message (e.g. SI message bitmap). 
Proposal 4: SI change indication in paging is per SI message (e.g. SI message bitmap).
SI change indication in Direct Indication Information
If SI change is the only reason for paging the UE, we propose not to page the UE but instead to carry the SI change notification in the Direct Indication Information, which is carried by NR-PDCCH. The benefit of this solution is that it can reduce the overhead of SI change notification and UE’s power consumption. When there is no UE’s paging for DL transmission in the system information modification period, UEs can just receive NR-PDCCH to get whether the system information will be changed or not, i.e. no NR-PDSCH needs to be transferred and decoded.
Proposal 5: Direct Indication Information is used to transfer SI change indication in NR when no UE(s) need to be paged for DL transmission.
The Direct Indication Information for NR-PDCCH is listed in Table3. Bit1 and Bit2 are used for MIB message indication and SIB1 message indication. Bit3 and Bit4 are used for ETWS indication and CMAS indication. Bit5 to Bitn are used for OSI SI message indication. And the last few bits are reserved for SI message extension and shall be ignored by UE if received. 
Table 3 Direct Indication Information for NR-PDCCH
	Bit
	Direct Indication information

	1
	MIB message indication

	2
	SIB1 message indication

	3
	etws-Indication

	4
	cmas-Indication

	5
	OSI SI1 indication

	6
	OSI SI2 indication

	…
	…

	n
	OSI SIx indication, where x=n-4

	n+1~n+m
	Reserved



Referring to the current SIBs and SI periodicities in LTE, the signaling overhead of MSI and OSI SI message indication may be at least 11 bits.  This assumes 7 OSI SI messages, MIB, SIB1, ETWS and CMAS. 
In addition, the number of the possible SIBs in Rel-15 is limited as analysis in [6-8]. So the signaling overhead of Direct Indication Information for NR-PDCCH may not exceed capacity of NR-PDCCH, which would not impact transmission of NR-PDCCH. Thus, we propose SI change indication in Direct Indication Information for NR-PDCCH is per SI message.
Proposal 6: SI change indication in Direct Indication Information for NR-PDCCH is per SI message.
Similar as UE behavior in LTE, when bit n is set to 1, UE shall behave as if the corresponding field is set in the Paging message. That is to say, for SI other than for ETWS/CMAS, SI change indication in Direct Indication Information for NR-PDCCH triggers acquisition of system information in the next modification period.
Proposal 7: For SI other than for ETWS/CMAS, SI change indication in Direct Indication Information for NR-PDCCH triggers acquisition of system information in the next modification period.
	
	


Conclusion
According to the analysis in section 2, we propose:
Proposal 1: Modification period is needed for NR, i.e. SFN mod m= 0, where m is the number of radio frames comprising the modification period.
Proposal 2: Paging is used to transfer SI change indication in NR.
Proposal 3: For SI other than for ETWS/CMAS, SI change indication in paging triggers acquisition of system information in the next modification period.
Proposal 4: SI change indication in paging is per SI message (e.g. SI message bitmap).
Proposal 5: Direct Indication Information is used to transfer SI change indication in NR when no UE(s) need to be paged for DL transmission.
Proposal 6: SI change indication in Direct Indication Information for NR-PDCCH is per SI message.
Proposal 7: For SI other than for ETWS/CMAS, SI change indication in Direct Indication Information for NR-PDCCH triggers acquisition of system information in the next modification period.
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