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1 Introduction
In the WI of even further enhanced MTC for LTE (RP-171427), the following optimization objective is given:

	· Reduced system acquisition time [RAN1 lead, RAN2, RAN4]

·     Improved cell search and/or system information (including MIB and SIB1-BR) acquisition performance


In RAN2#99 meeting, some solutions about introducing indication in MIB in order to skip reading SIB1-BR were discussed. After the meeting, we also had an email discussion to identify the use cases for skipping SIB1-BR.
In this paper, we will further discuss the potential solutions for reducing the SIBs acquisition time and give our proposals based on some comparisons. 
2 Discussion
2.1 Use cases

During the [Email discussion 99#46 Skip SIB1-BR], some use cases have been mentioned. We think the following use cases are worthwhile ones which are likely to apply the optimization of skipping reading SIB1-BR and/or other SIBs and benefit from it:

Use case 1: A UE that awakes from PSM normally reads SIB1-BR see if a change has happened while it was asleep. If there has some early indication in MIB, UEs can save power by avoiding reading SIB1-BR in some PSM cycle.
Use case 2: There is the case in legacy LTE that the UE needs to read SIB1-BR when the UE enters a cell from out of coverage. In this case, the UE maybe cannot get paging message/Direct Indication Information since the UE may not have the updated SIB2. If there has some early indication in MIB, UEs also can avoid reading SIB1-BR. This case may be similar with use case 1, but the time period between the UE out of coverage and back to the cell is unpredictable.
Use case 3: When changing/back to another (cell2) from one cell (cell 1), the UE would normally need to check SI which can be different between cells. If there has some possibility to use cell 1 SI in cell 2 (e.g. if SIB1 is the same), an indication may be considered to indicate to UEs that it is not necessary to read SIB1-BR after changing to cell2. Some companies think there has no such possibility since at least each cell has different cell identity (carried in SIB1/SIB1-NB). But there may have some other possibility that the UE could store the SIs of cell2 in the last time to access the cell2, If this is the case, the UE could skip reading the SIB1 and/or other SIBs if it finds the current SIBs are the stored ones (SIBs unchanged) based on the indication in MIB when it re-enters this cell.
Observation 1: The above three use cases are likely to apply the optimization of skipping reading SIB1-BR and/or other SIBs and benefit from it.
2.2 Solutions for reducing SIBs reading
Based on email discussion, the rapporteur proposes to agree with implementing 1 or 2 bit indication in MIB and further discuss various implementation options.
A straightforward scheme is to introduce full version count of 5 bits systemInforValueTag into MIB. In order not to use all of the spare bits in MIB, this systemInforValueTag can be split between successive MIB transmissions. This scheme has similar intention as the optimization of moving systemInforValueTag from SIB1 to MIB in NB-IoT. It can obviously reduce reading of SIB1-BR for R15 UEs if SIB1-BR has not changed in the above mentioned use cases. However, we can agree the understanding that this scheme would introduce redundant information since the systemInforValueTag in SIB1-BR is still needed for being used by the legacy eMTC UEs. So this scheme may be not suitable for eMTC.
The following Alt1 with a new change indicator bit in MIB is proposed last meeting and explained during email discussion.
Alt1 [1][2]: A single change indicator bit that indicates only that SIB1-BR has changed within a known time. This is not a value tag count. The indicator bit remains set for predetermined time duration “x” after a change has occurred in SIB1-BR. For example; 0 indicates no SIB1-BR change within the predetermined time and 1 indicates SIB1-BR has changed at any time up to “x” before the current time when the bit is read by a UE. The Alt1 is illustrated in Figure 1 below.
Figure 1: 1 bit change indicator in MIB (Alt1)

Alt1 looks simple and can achieve some benefit of reducing reading SIB1-BR. However, the following issues also have been identified by some companies:
· Issue1: If the duration “x” of the indication is shorter than the UE PSM sleep time (see case 2 in Figure 1), the UE needs to keep checking SIB1-BR for the entire duration that the single bit in MIB is set, even in this duration the SIB1-BR hasn’t changed any more(after previous change). That may means unnecessary reading of SIB1-BR.
· Issue2: If the duration “x” of the indication is longer than the UE PSM sleep time (see case 3 in Figure 1), the UE cannot use this indication in the MIB. After the PSM, the UE would find the bit is set to “unchanged” even the bit had been set to “changed” during the past “x” duration since the change of SIB1-BR only can be indicated during such pre-defined “x” duration. So the UE must read SIB1-BR in order not to miss any change of SIB1-BR.
· Issue3: if Alt1 would be used in the use case of back to another (cell2) from one cell (cell 1) to another (cell2), the UE should record the time duration (e.g. time duration “y”) between leaving the cell2 and back to cell2. And if the duration “x” is longer than “y”, with the same reason as issue2, the UE also cannot use this indication in the MIB.
So we think it’s very hard for the network to set a suitable “x”. As we know, one of the power efficient requirements for the IoT devices would be battery life of ten or even twenty years,  so many of the IoT devices may be set to long PSM. If the network wants to apply the Alt1 to as many UEs as possible, the network would set the x to a very large value, but this will cause the issue1 more serious. In another word, if the network sets the “x” to an acceptable large value, it’s very possible that only a small number of devices can make use of this indication in all the use cases. Some companies have mentioned “x” can be H-SFN, but we are not sure whether such setting can avoid the above issues. 
Observation 2: With consideration on battery life of ten or even twenty years requirement and long PSM setting for many IoT devices, it’s very possible that only a small number of devices can make use of Alt1 (a new change indicator bit in MIB) in all the use cases. 
During the email discussion, the following Alt2 is proposed. The reason for introducing such indication is that we think in some case of system information changing, only a few parameters needs to be changed to several frequently-used values. Then we can assume there are only a few value sets for SIBs which will be frequently and repeatedly broadcasted. In other rare cases, some new value sets for SIBs will be used. If these frequently-used value sets are stored by the UE, the UE can skip reading these value sets if they are broadcaseted next time.
Alt2 [1][3]: 2 or 3 bits in MIB as an additional Tag (e.g. named commonValuesTag) to indicate several frequently-used value sets for SIBs which can be stored by UE. Each time the UE receives the updated configuration, the UE would check the commonValuesTag in MIB. If the commonValuesTag is a valid value(e.g. “01”), that means the current broadcasted value set of SIBs (the set of values for all the parameters/fields in SIB1 and/or other SIBs except systemInforValueTag) is a frequently-used configuration. If it’s the first time for the UE to receive this configuration, the UE would store it with the commonValuesTag in MIB. If later the UE reads the MIB and find that the commonValuesTag in MIB matches a tag of one of the UE’s stored configurations, the UE would skip reading the SIB1-BR and also other SIBs. If the commonValuesTag in MIB is set to the reseved value(e.g. “11” for 2 bits commonValuesTag), that means the network broadcasts a new value set for the SIBs, the UE will acquire the configuration with the legacy mechanism. 
The Alt2 is illustrated in Figure 2 below.
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Figure 2: 2 bit commonValuesTag indication in MIB (Alt2)
2.3 Comparison of Alt1 and Alt2
For the scenario that eNB only change the SIBs once during a long period time(the 1st case in Figure 2), we compare the benefits of reducing SIB1-BR reading for using Alt1 and Alt2, in the Figure 3. 
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Figure 3: 2 Comparisons between Alt1 and Alt2
From Figure 3, we can see Alt2 can achieve more benefits since it can skip more SIB1 reading. The basic reason is that Alt2 still provide an actual value tag count for the SIBs (but it only needs to tag the stored value sets of SIBs, that’s why only two bits indication in MIB are needed). With this actual value tag, the UE can precisely determine whether the SIBs have changed. 
At the same time, there are many restrictions on use of the simple change indicator of Alt1. Based on this change indicator bit, the UE can only know that the change has occurred before but cannot know the exact change time and also cannot know whether the change is happening now. That’s why the UE have to keep reading SIB1-BR once this 1 bit change indicator is set. And also the unset of this bit may have different explanations by different UEs. For a UE1 with PSM shorter than “x”, when the 1 bit changes from “0” to “1” and then to “0”, the UE1 can understand that the current SIB1-BR is unchanged compared to the SIB1-BR with systemInforValueTag “02”. But a UE2 with PSM longer than “x” may understand that the current SIB1-BR is unchanged compared to the SIB1-BR with systemInforValueTag “01”. That’s why we should have restriction that some UEs cannot use this 1 bit change indicator.
Observation 3: In the scenario that eNB only change the SIBs once during a long period time, the issue 1 and issue 2 can be seen again for Alt1 with comparison with Alt2. Alt2 has no such issues and can achieve more benefits of skipping SIBs reading.
In the scenario that the eNB changes SIBs for several times during a long period time (the 2st case in Figure 2), the Alt2 can still achieve benefit if the change of SIBs is among several frequently-used configurations. However, the Alt1 would almost have no effect in this case since the 1 bit change indicator is always set.

Observation 4: In the scenario that the eNB changes SIBs for several times during a long period time, the Alt1 would almost have no effect since the 1 bit change indicator is always set. Alt2 still can be used in this scenario.
The above comparison is mainly for the use case1 or use case 2. For the use case 3, the Alt2 can also achieve benefit if the UE can store SIBs for several cells by storing several value sets of SIBs for each cell. But for the Alt1, with the consideration that more IoT devices have low mobility and then the time duration (e.g. time duration “y”) between leaving the cell2 and back to cell2 may be always long, it’s less possible for Alt1 to be used and achieve benefit in use case 3.
Observation 5: In the use case of changing/back cell2 from cell 1, with the consideration that more IoT devices have low mobility and then the time duration between leaving the cell2 and back to cell2 may be always long, it’s less possible for Alt1 to be used and achieve benefit. Alt2 still can be used in this use case.
Moreover, Alt2 can also be considered for NB-IoT. Even systemInforValueTag in MIB-NB already can be used to reduce SIB1 reading in the case of SIB1 unchanged. But in other cases of SIBs change, the Alt2 can also bring benefit, especially in the case that the change of SIBs is among several frequently-used configurations. However, if Alt2 is considered for NB-IoT, there will have redundant information in MIB-NB since the intention of Alt1 is almost same as the systemInforValueTag in MIB-NB. So Alt2 is preferred in order to introduce a consistent optimization solution for both NB-IoT and eMTC.
Observation 6: Alt1 cannot be applied to NB-IoT since its intention is same as the systemInforValueTag in MIB-NB. Alt2 can also be used for NB-IoT and bring benefit, as a supplement, especially in the case that the change of SIBs is among several frequently-used configurations.
Proposal 1: It’s suggest to discuss and adopt Alt2 (2 or 3 bits in MIB/MIB-NB as an additional Tag to indicate several frequently-used value sets for SIBs which can be stored by UE) for skipping SIBs reading for both eMTC and NB-IoT.
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Observation 1: The above three use cases are likely to apply the optimization of skipping reading SIB1-BR and/or other SIBs and benefit from it.
Observation 2: With consideration on battery life of ten or even twenty years requirement and long PSM setting for many IoT devices, it’s very possible that only a small number of devices can make use of Alt1 (a new change indicator bit in MIB) in all the use cases.
Observation 3: In the scenario that eNB only change the SIBs once during a long period time, the issue 1 and issue 2 can be seen again for Alt1 with comparison with Alt2. Alt2 has no such issues and can achieve more benefits of skipping SIBs reading.
Observation 4: In the scenario that the eNB changes SIBs for several times during a long period time, the Alt1 would almost have no effect since the 1 bit change indicator is always set. Alt2 still can be used in this scenario.
Observation 5: In the use case of changing/back cell2 from cell 1, with the consideration that more IoT devices have low mobility and then the time duration between leaving the cell2 and back to cell2 may be always long, it’s less possible for Alt1 to be used and achieve benefit. Alt2 still can be used in this use case.
Observation 6: Alt1 cannot be applied to NB-IoT since its intention is same as the systemInforValueTag in MIB-NB. Alt2 can also be used for NB-IoT and bring benefit, as a supplement, especially in the case that the change of SIBs is among several frequently-used configurations.
Proposal 1: It’s suggest to discuss and adopt Alt2 (2 or 3 bits in MIB/MIB-NB as an additional Tag to indicate several frequently-used value sets for SIBs which can be stored by UE) for skipping SIBs reading for both eMTC and NB-IoT.
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