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Introduction
In RAN2#99, regarding reduced system acquisition time for efeMTC it was agreed that there will be an email discussion on skipping SIB1-BR reading:

Email discussion on identifying the use cases for skipping SIB1-BR [Sierra Wireless]

The report for the email discussion can be found in [1]. As a conclusion for this email discussion, in RAN2#99bis the following was agreed regarding skipping SIB1-BR acquisition:
	Agreements
- Indicate in MIB whether there has been or not a system information change for a certain period of time. It is FFS how such period of time is provided.
- The indication in MIB is provided with 1 bit.
- The indication for EAB is FFS.



In this paper, we further discuss the agreed indication in MIB about SI modification and possible indication for EAB to improve the SI acquisition time performance of efeMTC UEs.
[bookmark: _Ref178064866]Discussion
As agreed, there will be a 1 bit indication in MIB indicating whether there has been system information change during a certain period of time. Two aspects of this indication need to be further discussed and agreed: To which system information the indication applies to, and details on the time period of how long the SI change indication is valid. In addition, it is FFS if there is need for EAB change indication, and how it should be implemented.
System information change indication in MIB
Concerned SI
[bookmark: _Hlk497142255]In Release-13, a list for SI message specific value tags, systemInfoValueTagList, was added to for BL UEs and UEs in CE. The value tags indicate change in the SI messages and the UE considers its SI message invalid if its stored value tag corresponding to that SI message is different than the corresponding value tag included in SystemInformationBlockType1-BR. The SI message specific value tags apply for all SIBs except MIB, SIB1, SIB10, SIB11, SIB12 and SIB14.
To check any changes in system information, the UE starts by acquiring MIB, and in order to acquire systemInfoValueTagList the UE needs to acquire SIB1. From the other system information the SI message specific value tags do not include, SIB10 and SIB11 are ETWS-specific and SIB12 is related to CMAS and SIB14 is for EAB configuration. In addition to the SI indicated by the systemInfoValueTagList, also the information included in SIB1 is necessary for UE to keep up-to-date. This information includes e.g. SI scheduling and cell access related information. Thus, the SI modification indication should indicate any change in SIB1. 
[bookmark: _Toc486937828][bookmark: _Toc487122625][bookmark: _Toc487202773][bookmark: _Toc487203731][bookmark: _Toc490212211][bookmark: _Toc490229940][bookmark: _Toc490229946][bookmark: _Toc490230540][bookmark: _Toc490267894][bookmark: _Toc493675074][bookmark: _Toc494399641][bookmark: _Toc494417754][bookmark: _Toc494421848][bookmark: _Toc497221920][bookmark: _Toc497828335][bookmark: _Toc497996718][bookmark: _Toc498343375][bookmark: _Toc498436018][bookmark: _Toc498507288][bookmark: _Toc498522917][bookmark: _Toc498649951][bookmark: _Toc498650687][bookmark: _Toc498653585][bookmark: _Toc506465016][bookmark: _Toc506494007]The 1 bit indicator in MIB indicates for eMTC UEs whether there has been any change in SIB1-BR over a certain validity period.

Validity period of the system information change indication in MIB
In RAN2#99bis it was left FFS how the time period of the agreed SI change indication in MIB is provided. The SI change indication should indicate if there has been any change in SI over that validity period. If during the validity period there has been either one or multiple changes in SI, the indicator is set to ‘1’. When the indicator is set to ‘1’, UEs checking SI need always check SIB1-BR as well to see whether they have up-to-date SI. Else, if there has not been any change in SI within the validity period, the indicator is set to ‘0’, in which case the UEs checking SI do not need to acquire SIB1-BR. 
The other option for the SI change indicator bit would be to use it as a toggle, which switches its state upon every change, between ‘1’ and ‘0’. However, this would cause at least one of the following two problems: Either it would be hard for the UEs to track changes in SI, if multiple SI changes happen since the UE last time checked for updates, or this would restrict how often SI may be modified. Neither of these effects are preferable, therefore it is preferred to use an indicator whether there has been any change in system information within a specified validity period.
We see two options for providing the validity period: 
Fixed period of time: The validity period could be non-configurable and fixed to for example HSFN cycle period or equal to the 24 hour validity time. This would save some resources as no signalling would be needed to inform about the validity period. However, this would offer little flexibility towards different network configurations and restrict the use cases of such indication. Especially in the case of short eDRX cycle, which we see to benefit the most from this feature, the gains would be limited when SI change occurs and the period of time is fixed into very long time, as the UE would need always check also SIB1-BR.
Configurable validity period: The validity period could be configurable, and signalled for example via some system information, such as in SIB1-BR. This would require extension of existing SIB, i.e. spare bits would be needed to be used and cause some SI overhead due to added information in SI. However, the additional SI overhead would be rather small. This option would allow better flexibility towards different network configurations and use cases with varying eDRX/PSM cycle lengths. As the indication in MIB is only useful in the case of reacquisition and not initial acquisition of SI, there is no benefit for knowing the validity period before entering a cell as would be the case with fixed period of time. During the initial acquisition, UE acquires the value of the validity period and can use that for later reacquisitions.
Based on considerations above, configurable validity period would be preferable for the SI change indication in MIB.
[bookmark: _Toc497828336][bookmark: _Toc497996719][bookmark: _Toc498343376][bookmark: _Toc498436019][bookmark: _Toc498507289][bookmark: _Toc498522918][bookmark: _Toc498649952][bookmark: _Toc498650688][bookmark: _Toc498653586][bookmark: _Toc506465017][bookmark: _Toc506494008]The validity period for SI change indication in MIB is configurable in SIB1-BR.
Regarding the value range of the observation period, the range should start from the smallest value of BCCH modification period. It is not reasonable to have the observation period shorter than BCCH modification period, or the change indication of SIB1-BR may be missed by the UE when checking MIB. The value range of BCCH modification period can be found from 36.331 [2]:
BCCH-Config ::=						SEQUENCE {
	modificationPeriodCoeff				ENUMERATED {n2, n4, n8, n16}
}

BCCH-Config-v1310 ::=				SEQUENCE {
	modificationPeriodCoeff-v1310		ENUMERATED {n64}
}

[bookmark: _Hlk498638393]Where the actual modification period, expressed in number of radio frames = modificationPeriodCoeff * defaultPagingCycle. n2 corresponds to value 2, n4 corresponds to value 4, n8 corresponds to value 8, n16 corresponds to value 16, and n64 corresponds to value 64. 
The length of the validity period depends on the configured value of defaultPagingCycle. The configurable value range of defaultPagingCycle is as follows:
defaultPagingCycle					ENUMERATED {rf32, rf64, rf128, rf256},
Default paging cycle, used to derive ‘T’ in TS 36.304 [4]. Value rf32 corresponds to 32 radio frames, rf64 corresponds to 64 radio frames and so on.
For the validity period, we propose to have a multiplier systemInfoChangePeriod -BR for the BCCH modification period, starting from n1 and ranging over H-SFN range. Longer time than H-SFN is not reasonable, due to H-SFN wrap-around problem, where the UE may not be aware that H-SFN has gone through its whole range and wrapped-around. The H-SFN values range over 10,485,760 ms (=2.91 hours). Corresponding multiplier for such time with the largest modificationPeriodCoeff and defaultPagingCycle would be 64. To allow more flexible configuration, further values can be considered, up to multiplier of 128. The actual validity period is then expressed in number of radio frames = systemInfoChangePeriod-BR * modificationPeriodCoeff * defaultPagingCycle
[bookmark: _Toc497996720][bookmark: _Toc498343377][bookmark: _Toc498436020][bookmark: _Toc498507290][bookmark: _Toc498522919][bookmark: _Toc498649953][bookmark: _Toc498650689][bookmark: _Toc498653587][bookmark: _Toc506465018][bookmark: _Toc506494009][bookmark: _Hlk498650122]The value range of the system information change indication validity period should be systemInfoChangePeriod -BR = ENUMERATED {n0, n1, n2, n4, n8, n16, n32, n64, n128}.
From here we can see that the smallest proposed value for the validity period would be 1*2*32 = 64 radio frames, and the largest would be 128*64*256 = 2,097,152 radio frames which equals to around 5.83 hours. n0 could indicate a special value, which would result in the validity period of 24 hours, which is equal to maximum system information validity time.
The proposed additions to introduce the SI modification indication to MIB for eMTC UEs can be seen from CR [3].
Indication of EAB
A scenario where an EAB indication in MIB could be useful is frequent UL reporting: When a UE would have frequent but small uplink transmissions (e.g. reporting every 1 or 5 minutes) and in between the reporting intervals the UE’s connection is suspended or released. This means that the UE is required to check whether ACB and/or EAB is enabled every time when returning from IDLE mode, which means the UE needs to acquire at least MIB and SIB1-BR.
EAB is configured in SIB14, and SIB14 change is not included in the systemInfoValueTag. However, EAB is implicitly enabled by configuring the scheduling information of SIB14. In addition, EAB may need to be changed more frequently than other SI and the UE needs to always check before triggering an access whether EAB is enabled and if it is subject to EAB. Conversely, ACB is configured in SIB2, which is subject to the system information value tag of the corresponding SI message, thus change in ACB configuration is reflected in the system information value tag.
In the example use case described above (frequent uplink transmissions), a UE would need to read MIB always before attempting to transmit. As opposed to the legacy behaviour, by having the EAB indication in MIB, acquiring SIB1-BR can be avoided when EAB is not enabled (assuming the SI change indication in MIB also indicates no change in SI), which should be the most common scenario. When the indication indicates that EAB is not enabled, the UE does not need to acquire SIB1-BR and may carry on with the RRC connection setup/resume procedure after reading MIB. 
Only if the indication is set, the UE needs to acquire SIB1-BR to see the scheduling of SIB14 and then it needs to acquire SIB14. If the indication shows that EAB is not enabled, UEs do not need to acquire SIB1-BR. In Annex A, the UE behaviour with and without EAB indication is illustrated and described.
To include indication for EAB in MIB we see two options: Include notification of whether EAB is enabled in the already agreed indication of SI change in MIB or having a separate indication for EAB in MIB.
Having separate indication for EAB can avoid the problem, where UEs only checking whether they have up-to-date SI would acquire SIB1-BR just to see that SI has not changed but only EAB is enabled. Separate indication for EAB indicates only whether EAB is enabled, therefore only UEs attempting to access network are required to acquire SIB1-BR if EAB is enabled, and other UEs can avoid reading SIB1-BR assuming no other SI has changed as indicated by the agreed SI change indication MIB. The drawback of having separate indication for EAB is that another bit is needed to be used from MIB, and there is only 5 spare bits available in Release 14 MIB.
If proposal 1 is agreed, the enabling/disabling of EAB triggers also scheduling changes in SIB14, thus the contents of SIB1-BR is changed due to scheduling changes. Therefore, there is no need for separate EAB indication, but the SI indication also is triggered by enabling of EAB.
[bookmark: _Toc498436021][bookmark: _Toc498507291][bookmark: _Toc498522920][bookmark: _Toc498649954][bookmark: _Toc498650690][bookmark: _Toc498653588][bookmark: _Toc506465019][bookmark: _Toc506494010]Enabling of EAB is indicated by the already agreed SI indication in MIB thus separate EAB indication is not specified.

Conclusion
[bookmark: _Hlk490213059]Based on the discussion in section 2 we propose the following:
Proposal 1	The 1 bit indicator in MIB indicates for eMTC UEs whether there has been any change in SIB1-BR over a certain validity period.
Proposal 2	The validity period for SI change indication in MIB is configurable in SIB1-BR.
Proposal 3	The value range of the system information change indication validity period should be systemInfoChangePeriod -BR = ENUMERATED {n0, n1, n2, n4, n8, n16, n32, n64, n128}.
Proposal 4	Enabling of EAB is indicated by the already agreed SI indication in MIB thus separate EAB indication is not specified.
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Annex A
Below we have illustrations with and without EAB indication to describe the scenario where EAB indication would be useful. Figure 3 shows the UE behaviour in a case where the UE wakes up from IDLE mode to transmit uplink report with EAB not enabled, which should be the most common case. Case 1) shows the legacy behaviour, where the UE reads MIB and SIB1-BR to see whether EAB configuration has been enabled or other SI as indicated by the systemInfoValueTagList have been changed. EAB is not enabled, therefore the UE carries on with RRC resume procedure and transmits its report and is released back to IDLE afterwards.
In case 2) the EAB indication in MIB is used, together with the indication of system value tag change. When waking up to transmit, the UE first acquires MIB and sees from the EAB indication that EAB is not enabled (and from the system value tag change indication that other SI has not been changed). Therefore, the UE does not need to acquire SIB1-BR and can carry on with the RRC resume procedure, transmit its report and is released back to IDLE. With the indication, the UE can avoid acquiring SIB1-BR every time when it is about to transmit in uplink when EAB is not enabled.

[image: ]
Figure 3: EAB checking before accessing without (top) and with (bottom) EAB indication in MIB when EAB is not enabled
As compared to the case where EAB is not enabled, the opposite i.e. EAB is enabled, is a rare case, and thus should not be the focus of optimizations. In this case, the UE behaviour is identical with or without the EAB indication in MIB: When UE is waking up, it first needs to acquire MIB, without the indication the UE is required also acquire SIB1-BR to see whether EAB is enabled and to receive the scheduling configuration of SIB14. On the other hand, with the indication in MIB, the UE already sees after acquiring MIB that EAB is enabled, however it also needs to acquire SIB1-BR to receive the scheduling configuration of SIB14, where EAB is configured. After acquiring SIB1-BR in both cases, the UE has the scheduling configuration of SIB14 and acquires SIB14 to see the EAB configuration and whether its access class is barred. If the UE is allowed to access the cell, the UE carries on with RRC resume procedure.
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