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1	Introduction
In this contribution, we discuss the reaction of the UE that operates an IDLE eDRX cycle longer than the modification period upon reception of the Short Message with the systemInfoModification bit set to 1.
2	Discussion
2.1	Modification period
The RRC specification defines a modification period which provides a time frame for the process of notifying UEs about the upcoming System Information (SI) change, determines the moment of the SI change itself and determines the moment of SI re-acquisition (see TS 38.331 V17.7.0 clause 5.2.2.2.2 excerpt below).
[bookmark: _Toc60776708][bookmark: _Toc156072471]5.2.2.2.2	SI change indication and PWS notification
A modification period is used, i.e. updated SI message (other than SI message for ETWS, CMAS, positioning assistance data, and some NTN-specific information as specified in the field descriptions ) is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period boundaries are defined by SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information. […]

It is also stated in TS 38.300 clause 7.3.3 that:
7.3.3	SI Modification
Change of system information (other than for ETWS/CMAS, see clause 16.4) only occurs at specific radio frames, i.e. the concept of a modification period is used. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. The modification period is configured by system information.
When the network changes (some of the) system information, it first notifies the UEs about this change, i.e. this may be done throughout a modification period. In the next modification period, the network transmits the updated system information. Upon receiving a change notification, the UE acquires the new system information from the start of the next modification period. The UE applies the previously acquired system information until the UE acquires the new system information.

The legacy modification period and SI change notification strongly relies on the DRX cycle and paging monitoring:
· the modification period being defined as m = modificationPeriodCoeff  * defaultPagingCycle, where both IEs are broadcasted in SIB1 (the maximum modification period m = n16 * rf256 = 4096 rf or 40.96 s),
· the SI change notification being defined as a systemInfoModification bit set to 1 in Short Message transmitted with P-RNTI over DCI,
· UE monitoring for SI change indication in its own Paging Occasion(s) PO(s), where at least one PO occurs within modification period.
[bookmark: _Hlk162366613]2.2	eDRX acquisition period
The extended DRX (eDRX) for UEs in RRC_IDLE and RRC_INACTIVE state was introduced in Rel-17 under the NR_redcap-Core WI.
Due to the introduction of the eDRX paging cycle with the maximum length of 10485.76 s (2.91 h) being well above the maximum modification period of 40.96 s, the SI change indication mechanism was extended by adding definition of eDRX acquisition period to cover new cases when eDRX cycle is longer than the modification period (see TS 38.331 V17.7.0 clause 5.2.2.2.2 excerpt below).
5.2.2.2.2	SI change indication and PWS notification
A modification period is used, i.e. updated SI message (other than SI message for ETWS, CMAS, positioning assistance data, and some NTN-specific information as specified in the field descriptions ) is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period boundaries are defined by SFN values for which SFN mod m = 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information. If H-SFN is provided in SIB1, and UE is configured with eDRX, modification period boundaries are defined by SFN values for which (H-SFN * 1024 + SFN) mod m = 0.
For UEs in RRC_IDLE or RRC_INACTIVE configured to use an IDLE eDRX cycle longer than the modification period, an eDRX acquisition period is defined. The boundaries of the eDRX acquisition period are determined by H-SFN values for which H-SFN mod 1024 = 0.
The UE receives indications about SI modifications and/or PWS notifications using Short Message transmitted with P-RNTI over DCI (see clause 6.5). Repetitions of SI change indication may occur within preceding modification period or within preceding eDRX acquisition period. SI change indication is not applicable for SI messages containing posSIBs.
[…]

The eDRX acquisition is equal to the maximum configurable eDRX cycle which is 10485.76 s (2.91 h).
The eDRX acquisition period provides a time frame for the process of notifying a UE with IDLE eDRX cycle longer than the modification period about the SI change (not necessarily upcoming SI change) and determines the moment of SI re-acquisition.  
Change of system information may occur at any modification period boundary, and is not limited just to rarely occurring eDRX acquisition period boundaries.
The above may also explain the difference in terminology: “modification period” - controls the SI modification, whereas “acquisition period” - controls SI re-acquisition.
The network however may postpone any SI change so that it occurs at eDRX acquisition period boundary and is preceded by a full eDRX acquisition period with SI change indication transmissions, but the resulting delay (2.91 h in the best case) and resource consumption for continuous transmission of Short Messages in every PO within the preceding eDRX acquisition period would be unreasonable in cases that do not require strict simultaneous switch of all UEs to a new SI configuration. It is worth noting that the SI re-acquisition mechanism based on stored SI maximum 3‑hour validity can serve as an alternative solution in such cases (see TS 38.331 clause 5.2.2.2.1).
[bookmark: _Hlk162370113][bookmark: _Hlk162890135][bookmark: _Hlk162942393]Observation 1: Change of SI is not limited to eDRX acquisition period boundary and may occur at any modification period boundary.
2.3	Effective DRX cycle (T) versus IDLE eDRX cycle
[bookmark: _Hlk162885206]The applicability of the eDRX acquisition period related mechanisms depends on UE being configured to use / using / operating an IDLE eDRX cycle longer than the modification period (see TS 38.331 clause 5.2.2.2.2 and clause 6.5 excerpts above and below). However, the condition is not clear because the term “IDLE eDRX” is not defined in the specifications.
We identified several scenarios where the condition "configured to use / using / operating an IDLE eDRX cycle longer than the modification period" may be interpreted in a way that allows for its fulfillment, while the effective DRX cycle understood as “T: DRX cycle of the UE” defined in TS 38.304 clause 7.1 is shorter than the modification period for the entire duration of the eDRX acquisition or in some shorter periods:
· [bookmark: _Hlk162369111][bookmark: _Hlk162942079][bookmark: _Hlk162889913]Scenario 1: The UE in RRC_INACTIVE can be configured by upper layers with PTW and TeDRX, CN longer than the modification period and by RRC with TeDRX, RAN shorter than the modification period. In this case the effective DRX cycle is always shorter than the modification period but it is not necessarily the same inside and outside PTW, with long TeDRX, CN still being used to switch between different effective DRX cycles used inside and outside PTW.
· Scenario 2: The UE in RRC_IDLE can be configured by upper layers with PTW and TeDRX, CN longer than the modification period. In this case the effective DRX cycle is shorter than the modification period in PTWs and longer than the modification period outside PTWs, so it is not uniform during the entire eDRX acquisition period.
· Scenario 3: The UE in RRC_IDLE or RRC_INACTIVE can be configured with TeDRX, CN longer than the modification period with consecutive PTWs overlapping in time. In this case the effective DRX cycle is shorter than the modification period during the entire eDRX acquisition period.
[bookmark: _Hlk162888899]Scenario 1 is stable, long-lasting, and continuous, i.e. it lasts throughout the entire stay of UE in the RRC_INACTIVE state.
In the Scenario 2, depending on the interpretation of the condition and the moment of its consideration, the condition can be considered as fulfilled or not fulfilled.
Scenario 3 is very unlikely.
[bookmark: _Hlk162372760][bookmark: _Hlk162381322][bookmark: _Hlk162373292]Observation 2: The condition “UE is configured to use / using / is operating an IDLE eDRX cycle longer than the modification period” in TS 38.331 is not clear.
[bookmark: _Hlk162373790]2.4	SI change indication
The SI change indication takes the form of systemInfoModification and systemInfoModification-eDRX bits of Short Message defined in TS 38.331 clause 6.5:
[bookmark: _Toc60777561][bookmark: _Toc156073525]6.5	Short Message
Short Messages can be transmitted on PDCCH using P-RNTI with or without associated Paging message using Short Message field in DCI format 1_0 (see TS 38.212 [17], clause 7.3.1.2.1).
Table 6.5-1 defines Short Messages. Bit 1 is the most significant bit.
Table 6.5-1: Short Messages
Bit
Short Message
1
systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7, SIB8 and posSIBs.
2
etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.
3
stopPagingMonitoring
This bit can be used for only operation with shared spectrum channel access and if nrofPDCCH-MonitoringOccasionPerSSB-InPO is present.
If set to 1: indication that the UE may stop monitoring PDCCH occasion(s) for paging in this Paging Occasion as specified in TS 38.304 [20], clause 7.1.
4
systemInfoModification-eDRX
If set to 1: indication of a BCCH modification other than SIB6, SIB7, SIB8 and posSIBs. This indication applies only to UEs using IDLE eDRX cycle longer than the BCCH modification period.
5 – 8
Not used in this release of the specification, and shall be ignored by UE if received.


Since the monitoring of Short Message is coupled with monitoring of Paging, the UE operating an TeDRX, CN cycle longer than the modification period with the effective DRX cycle not longer than the modification period (as described in section 2.3) is always notified by the network in at least one of its POs within the modification period about the upcoming SI change in the next modification period, i.e. it is the legacy SI change indication mechanism.
The UE operating with the effective DRX cycle longer than the modification period may still receive Short Message with systemInfoModification=1, however it is not a reliable notification mechanism as the UE does not monitor at least one PO in every modification period.
[bookmark: _Hlk162379218][bookmark: _Hlk162942333]Observation 3: UE in RRC_INACTIVE state operating TeDRX, CN longer than the modification period may under certain configuration reliably rely on legacy SI change indication (i.e., systemInfoModification=1 in Short Message).
2.5	SI re-acquisition
The current RRC specification exempts the UE operating an IDLE eDRX cycle longer than the modification period from the requirement to re-acquire SI upon reception of the systemInfoModification=1 in Short Message (see TS 38.331 clause 5.2.2.2.2 excerpt below):
5.2.2.2.2	SI change indication and PWS notification
[…]
If the UE receives a Short Message, the UE shall:
1>	if the UE is ETWS capable or CMAS capable, the etwsAndCmasIndication bit of Short Message is set, and the UE is provided with searchSpaceSIB1 and searchSpaceOtherSystemInformation on the active BWP or the initial BWP:
2> immediately re-acquire the SIB1;
2>	if the UE is ETWS capable and si-SchedulingInfo includes scheduling information for SIB6:
3>	acquire SIB6, as specified in clause 5.2.2.3.2, immediately;
2>	if the UE is ETWS capable and si-SchedulingInfo includes scheduling information for SIB7:
3>	acquire SIB7, as specified in clause 5.2.2.3.2, immediately;
2>	if the UE is CMAS capable and si-SchedulingInfo includes scheduling information for SIB8:
3>	acquire SIB8, as specified in clause 5.2.2.3.2, immediately;
NOTE:	In case SIB6, SIB7, or SIB8 overlap with a measurement gap it is left to UE implementation how to immediately acquire SIB6, SIB7, or SIB8.
[bookmark: _Hlk162374590][bookmark: _Hlk162379779][bookmark: _Hlk162374558]1>	if the UE does not operate an IDLE eDRX cycle longer than the modification period and the systemInfoModification bit of Short Message is set:
[bookmark: _Hlk162374425]2>	apply the SI acquisition procedure as defined in clause 5.2.2.3 from the start of the next modification period;
1>	if the UE operates an IDLE eDRX cycle longer than the modification period and the systemInfoModification-eDRX bit of Short Message is set:
2>	apply the SI acquisition procedure as defined in clause 5.2.2.3 from the start of the next eDRX acquisition period boundary.

In our opinion, this exemption is erroneous as it is not reasonable that the UE successfully notified about SI change is not required to re-acquire SI and uses the stored possibly outdated SI, which may have a negative impact on UE and/or network performance, especially when outdated SI is used for cell access procedures.
[bookmark: _Hlk162381617][bookmark: _Hlk162942319]Observation 4: UE successfully notified about upcoming SI change by systemInfoModification=1 in Short Message is exempt from requirement to re-acquire SI at the beginning of the next modification period under the condition that it operates an IDLE eDRX cycle longer than the modification period.
[bookmark: _Hlk162381689][bookmark: _Hlk162942305]Proposal 1: Correct the TS 38.331 clause 5.2.2.2.2, so that all UEs regardless of their (e)DRX configuration or operation shall apply SI acquisition procedure from the start of the next modification period after reception of systemInfoModification=1 in Short Message.
Draft CRs for 38.331 (Rel-17 and Rel-18) are provided for discussion and agreement [1], [2].
3	Conclusion
This document has made the following observations:
Observation 1: Change of SI is not limited to eDRX acquisition period boundary and may occur at any modification period boundary.
Observation 2: The condition “UE is configured to use / using / is operating an IDLE eDRX cycle longer than the modification period” in TS 38.331 is not clear.
Observation 3: UE in RRC_INACTIVE state operating TeDRX, CN longer than the modification period may under certain configuration reliably rely on legacy SI change indication (i.e., systemInfoModification=1 in Short Message).
Observation 4: UE successfully notified about upcoming SI change by systemInfoModification=1 in Short Message is exempt from requirement to re-acquire SI at the beginning of the next modification period under the condition that it operates an IDLE eDRX cycle longer than the modification period.
And proposed the following:
Proposal 1: Correct the TS 38.331 clause 5.2.2.2.2, so that all UEs regardless of their (e)DRX configuration or operation shall apply SI acquisition procedure from the start of the next modification period after reception of systemInfoModification=1 in Short Message. Draft CRs for 38.331 (Rel-17 and Rel-18) are provided for discussion and agreement.
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