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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]. In this paper, we discuss and describe the use cases and provide solutions for avoiding reading SIB1-BR to improve the SI acquisition time performance of efeMTC UEs.
[bookmark: _Ref178064866][bookmark: _GoBack]Discussion
For skipping SIB1-BR acquisition, we see two reasonable scenarios.
Indication of system value tag change
The first scenario we think would be short eDRX for DL reachability: When the eDRX cycle is short, but still longer than the modification period such that MIB and SIB1-BR has the be read to see if a SI change has happened while it was asleep. An example use case is actuators etc. where the DRX cycle is configured quite short, but longer than modification period, and the UE wakes up to monitor paging/downlink transmissions, but not transmitting in uplink.
Another similar case is waking up from PSM, since UE in PSM is not monitoring paging and therefore cannot monitor POs for SI update. Usually though PSM cycles are relatively long, which results in power saving gains, due to having to acquire SIB1-BR more rarely, but there is no drawback to have the indication in MIB and there would be some gains nevertheless.
A valueTag-flag in MIB seems to be the best candidate solution in this use case:
For UEs to be able to omit reading SIB1-BR just to ensure SI has not changed, an indication could be added to MIB, using one or more of the spare bits. This would not be a full system value tag, which would require using multiple spare bits in MIB. We prefer an indication of 1 or 2 bits, which would indicate whether the system value tag in SIB1-BR has changed within an observation period. The observation period could be predetermined, such as HSFN cycle, or configurable in SI. With 2 bit indication, multiple changes over 3 observation periods (1 value reserved for no change within the observation period) may be indicated and the UE may avoid reading SIB1-BR for a longer period of time. We see no need to replicate the valueTag in SIB1-BR and would rather make use of the fact that SI changes very rarely in practice and only use 1-2 bits in combination with a very long observation period.
Figure 1 shows the UE acquisition behaviour without such indication in case 1) and with the indication in case 2). In case 1) always when the UE wakes up during eDRX cycle, it needs to acquire MIB and SIB1-BR to see if SI has changed. When some SI message has been modified, it is shown in the systemInfoValueTag in the SIB1-BR, and the UE also acquires the modified SI message. In case 2) when waking up during eDRX cycle, the UE checks MIB and sees from the indication whether systemInfoValueTag has changed. When the indication shows no change, UE do not need to acquire anything else. When change is indicated, the UE acquires SIB1-BR to read systemInfoValueTag and sees which SI message has been changed and acquires the corresponding SI message.
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[bookmark: _Ref493666475]Figure 1: Legacy SIB1-BR acquisition and SIB1-BR acquisition with 1 bit indicator in MIB
Figure 2 shows the UE acquisition behaviour with the indication length of 1 bit in case 3) and 2 bits in case 4). With 1 bit indicator in case 3), the UE needs to acquires MIB, SIB1-BR and the modified SI message(s) always when the indicator in MIB indicates change in the systemInfoValueTag. In case 4), the indicator in MIB shows multiple stages of SI modification, therefore the UE does not need to acquire SIB1-BR and SI messages every time SI is modified, but only after every 3rd modification before the indication is wrapped around. This approach also allows 3 times longer eDRX cycles than with just 1 bit indication.
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[bookmark: _Ref493667827][bookmark: _Ref493667821]Figure 2: SIB1-BR acquisition with 1 bit indicator in MIB and with 2 bit indicator in MIB
Having 2 bits for the indication therefore allows longer period for the UE to stay asleep, but similar behavior can be achieved by extending the observation period of the MIB indication. System value tag indication of 2 bits makes it behave almost as an extension for the system value tag, which is not the purpose, but rather to indicate that recently the system value tag has changed. For that purpose 1 bit for the indication in MIB is enough, also due to the limited amount of bits available. Therefore we propose the following:

[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]Add 1 bit indicator to MIB to indicate whether systemInfoValueTag in SIB1-BR has changed since the end of previous observation period of the indicator.
[bookmark: _Toc493675075][bookmark: _Toc494399642][bookmark: _Toc494417755][bookmark: _Toc494421849]The observation period of the systemInfoValueTag indicator in MIB should be configurable in some SIB, such as SIB1-BR.

Indication of EAB change
The second scenario we think could be addressed 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 released. This means that the UE is required to read MIB and SIB1-BR every time when returning from IDLE mode to see whether ACB and/or EAB is enabled. 
An EAB indication in MIB (together with the system value tag change indication as described in the section 2.1 above) seems to be the main candidate solution in this use case:
EAB is configured in SIB14, and SIB14 change is not included in the systemInfoValueTag and EAB may need to be changed more frequently than other SI and the UE needs always check before accessing whether EAB is enabled and if it is subject to EAB. Conversely, ACB is configured in SIB2, which is subject to the system value tag, thus change in ACB configuration is reflected in the system value tag. Therefore, the system value tag indication in MIB as discussed in previous section would indicate if ACB is enabled/modified. 
Therefore, a separate indication for EAB in MIB is preferred. In the example use case described above, a UE would anyway need to read MIB always before attempting to transmit. By having the indication in MIB, reading SIB1-BR can be avoided in the case where EAB is not enabled, which should be the most common scenario. If the indication is not set, together with the SI modification indication being not set, which should be usual case for rather frequent uplink reporting, the UE does not need to acquire SIB1-BR as it may assume EAB is not enabled, and 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.
To be useful, this indication requires the use of the SI indication in MIB as discussed in section 2.1 above.
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 systemInfoValueTag 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.
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[bookmark: _Ref493669672]Figure 3: EAB checking before accessing without and with EAB indication in MIB when EAB is not enabled
Figure 4 shows the case where EAB is enabled, both with and without the EAB indication in MIB. This is a rare case as compared to the case above, where EAB is not enabled, and thus should not be the focus of optimizations. In this case 3), the UE behaviour is the same 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 it’s access class is barred. If it is allowed to access by EAB, the UE carries on with RRC resume procedure and transmits its report and is released back to IDLE afterwards. However, as mentioned, this is a rare case, and the proposed optimization improves the most common case, when EAB is not enabled.
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[bookmark: _Ref493670115]Figure 4: EAB checking before accessing without and with EAB indication in MIB when EAB is enabled
Having 1 bit flag in MIB for indicating whether EAB is enabled or not allows skipping SIB1-BR acquisition in the usual case where EAB is not enabled. Therefore we propose the following: 
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Conclusion
[bookmark: _Hlk490213059]Based on the discussion in section 2 we propose the following:
Proposal 1	Add 1 bit indicator to MIB to indicate whether systemInfoValueTag in SIB1-BR has changed since the end of previous observation period of the indicator.
Proposal 2	The observation period of the systemInfoValueTag indicator in MIB should be configurable in some SIB, such as SIB1-BR.
Proposal 3	Add 1 bit flag to MIB to indicate whether enhanced access barring is enabled.
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