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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#99bis meeting, RAN2 have the following agreements for system acquisition time reduction in eFeMTC:
	- 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 will further discuss the implement way for the agreements. 
2 Discussion
2.1 Issue of 1 bit change indication for one predefined period 
RAN2 has agreed to introduce 1 bit in MIB to indicate whether there has been or not a system information change for a certain period of time. As we have discussed in previous meeting, if we define only one certain period of time (e.g., change duration “x”) and its value is not so suitable, such 1 bit change notification may have the following issues:
· Issue1: If the duration “x” of the indication is longer than the UE PSM sleep time, 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 the previous change). That may means unnecessary reading of SIB1-BR.
· Issue2: If the duration “x” of the indication is shorter than the UE PSM sleep time, 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 such 1 bit change notification 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 shorter 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 only one suitable change duration “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 such 1 bit change notification to as many UEs as possible, the network would set the change duration “x” to a very large value, e. g., more than 24 hours, but this will cause the issue1 more serious. The reason is, although these UEs may be configured relatively large PSM value, their PSM values may be vary widely from each other, e.g., 8~48 hour, as the traffic mode of these UEs may be very different. On the other hand, if the network sets the “x” to a relatively small value, e.g., 1 hours, it’s very possible that only a small number of UEs can make use of this indication in all the use cases. So we need a trade-off value for this period of time which can be compatible with different types of UEs. 
There is one thought that in most of the time, the system information is not updated at all and this is where the benefit of the new indication is. But we don’t think it’s the case. At least in current specification, it allows the system configuration can be changed at most 32 times in 24 hours. For example, the access barring parameters may be changed one to several times according to the system load, or the PRACH resource number/diversity should be changed according to the UEs number or distribution during the day. So we must consider how to deal with the issue1, e.g., the issue of unnecessary reading change indication when the SIB changes happen and the PSM cycle of the UE is not so long.
There is another thought that the UE may prefer to use the DRX/eDRX in RRC_CONNECTED state, instead of using a short PSM cycle. The possible explanation is that when the UE wakes up from deep sleep (PSM) it must obtain downlink synchronization, verify system parameters, and then trigger a PRACH procedure for UL data transmission (for simplicity, we assume the UE only has one UL data to be sent).  Since the power consumption caused by UE’s transmission is very larger than that caused by reception/idle/standby, the UE in such a whole procedure may consume more power than in RRC_CONNECTED state with DRX/eDRX. However, we have different understanding. Even if the UE doesn’t enter into deep sleep state and keeps in RRC_CONNECTED state, the UE still needs to monitor PSS/SSS signals to avoid downlink out-of-synchronization if there has no data transmission during a long time. It’s also very possible for the UE to trigger a PRACH procedure to acquire uplink synchronization before or when it has UL data to transmit since the maximum duration of timeAlignmentTimer is only about ten seconds. Moreover, it is even possible that the base station triggers the PRACH procedure for synchronization if no UL data has been received. In a summary, it’s not only that the power for synchronization and random access cannot be saved but also more power would be consumed for PDCCH monitoring (even with a long DRX configuration, the UE still needs to receive PDCCH for several times).  So we think the hour-level PSM cycle value would be really benefit for the UE with in-frequent traffic.  
2.2 Implementation alternatives
In order to find a better implementation way for the agreed 1 bit change indication, in the following Figure 1 we give an alternative for definition of this Change_Ind bit in MIB in order try to simplify the setting of predefined change duration, e.g., two predefined change durations would be used. And it also can help to minimize unnecessary reading of the SIBs by the UE (partially resolving the issue1).
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Figure 1
As the explanation in above Figure 1, the first change duration is “T1” which can be somewhat long, e.g, 24 hours. The second change duration is “T2” which would be somewhat short and shorter than T1, e.g., 8 hour. Moreover, we use the Change_Inds in the two continuous MIBs to indicate the SIB changes status in different predefined change durations. For example, the Change_Ind in the first MIB in which the systemFrameNumber is even is used to indicate whether the SIBs has changed in the long predefined change duration, and the Change_Ind in the second MIB in which the systemFrameNumber is odd is used to indicate whether the SIBs has changed in the short predefined change duration.
We can further explain how the eNB and UEs use this Change_Ind respectively:

· For eNB: From the time when the eNB changes the SIBs, the eNB will set the Change_Ind to “1” in the MIB in which the systemFrameNumber is even (with meaning of SIBs “changed” in this long predefined change duration). After end of the long predefined change duration (i.e., 24 hours later), the eNB will reset this Change_Ind to “0” (with meaning of SIBs “unchanged”). At the same time, the eNB will set the Change_Ind to “1” in the MIB in which the systemFrameNumber is odd. After end of the short predefined change duration (i.e., 8 hour later), the eNB will reset this Change_Ind to “0”.
· For UEs: For a UE whose PSM is shorter than the long predefined change period and longer than the short predefined change period, the UE only needs to check the Change_Ind in the MIB in which the systemFrameNumber is even. For a UE whose PSM is shorter than the short predefined change period, the UE only needs to check the Change_Ind in the MIB in which the systemFrameNumber is odd.
In the scenario of only once change of SIBs during the long predefined duration, this alternative can obviously reduce unnecessary reading of the SIBs by the UE whose PSM is shorter than the short predefined change period.
We make a simple comparison between the two alternatives:

· Alt1: the Change_Ind in each MIB indicates that SIBs has changed during a predefined change duration T

· Alt2: the Change_Ind in the MIB in which the systemFrameNumber is even indicates that SIBs has changed in the long predefined change duration T1, and the Change_Ind in the MIB in which the systemFrameNumber is odd indicates that SIBs has changed in the short predefined change duration T2.
	
	Alt1

(T=24 hours)
	Alt2

(T1=24 hours, T2=8 hour)

	UE1 with PSM of 2 hour
	reading SIB for up to 12 times
	reading SIB for up to 4 times

	UE1 with PSM of 4 hour
	reading SIB for up to 6 times
	reading SIB for up to 2 times

	UE2 with PSM of 8 hours
	reading SIB for up to 3 times
	reading SIB for up to 1 times

	UE2 with PSM of 12 hours
	reading SIB for up to 2 times
	reading SIB for up to 2 times

	UE2 with PSM of 24 hours
	reading SIB for up to 1 times
	reading SIB for up to 1 times


In the above case that SIB changes only once within 24 hours, it’s obvious that Alt2 needs less reading of SIB1-BR than that for Alt1 for the UE with different PSM cycle configuration. If we want to further reduce the SIB reading times for Alt1, the T in Alt1 should be decreased. But with such configuration, more UEs with the PSM which are longer than T cannot use this Change_Ind in the MIB. That’s also not desired. We can say it’s easier for the Alt2 to achieve trade-off between the UEs who can and cannot use this Change_Ind.
In [1], it has mentioned that except systemFrameNumber, the other fields in MIB message may be seldom changed. In a typical implementation, the device does not need to read the MIB every radio frame. It can keep track of SFN based on its internal timing. After introduction of Change_Ind in the MIB, the UE still can apply such implementation optimization. That means, after waking up from PSM, the UE only needs to choose one of the two continuous MIBs according to its PSM cycle and check Change_Ind in this MIB only once.  So compared to legacy UE implementation and the scheme of Change_Inds with one change duration, the scheme of Change_Inds with two change durations has no additional reading overhead for MIB reading.
Proposal 1: It’s suggested to use the Change_Inds in the two continuous MIBs to indicate the SIB change status in the long predefined change duration and the short predefined change duration respectively.
In [2] and [3], another option has been proposed for flexibly setting the only one change duration, e.g., the time period for SI change indication in MIB should be configurable in SIB1-BR to allow better flexibility towards different network configurations and use cases with varying eDRX/PSM cycle lengths. However, considering that although eDRX/PSM configuration may be vary from UE to UE, it’s would be very stable from time to time, we really don’t think it has benefit to configure the values of change durations by network, no matter one or two change durations are needed. We only need to set suitable change duration(s) at the beginning based on the statistics of UEs’ PSM cycle values.
Proposal 2: The two change durations can be hard-coded in specification.
2.3 Specification impacts 
The following gives an example for the related impacts on the specification for proposal 1 and proposal 2.
MasterInformationBlock
-- ASN1START

MasterInformationBlock ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {












n6, n15, n25, n50, n75, n100},


phich-Config





PHICH-Config,


systemFrameNumber




BIT STRING (SIZE (8)),


schedulingInfoSIB1-BR-r13


INTEGER (0..31),
    systemInfoChangeInd-BR-r15


BOOLEAN,

spare







BIT STRING (SIZE (4))

}

-- ASN1STOP

	MasterInformationBlock field descriptions

	dl-Bandwidth

Parameter: transmission bandwidth configuration, NRB in downlink, see TS 36.101 [42, table 5.6-1]. n6 corresponds to 6 resource blocks, n15 to 15 resource blocks and so on.

	phich-Config 

Specifies the PHICH configuration. If the UE is a BL UE or UE in CE, it shall ignore this field.

	schedulingInfoSIB1-BR

Indicates the index to the tables that define SystemInformationBlockType1-BR scheduling information. The tables are specified in TS 36.213 [23, Table 7.1.6-1 and Table 7.1.7.2.7-1]. Value 0 means that SystemInformationBlockType1-BR is not scheduled.

	systemFrameNumber

Defines the 8 most significant bits of the SFN. As indicated in TS 36.211 [21, 6.6.1], the 2 least significant bits of the SFN are acquired implicitly in the P-BCH decoding, i.e. timing of 40ms P-BCH TTI indicates 2 least significant bits (within 40ms P-BCH TTI, the first radio frame: 00, the second radio frame: 01, the third radio frame: 10, the last radio frame: 11). One value applies for all serving cells of a Cell Group (i.e. MCG or SCG). The associated functionality is common (i.e. not performed independently for each cell).

	systemInfoChangeInd-BR
The value TRUE of this field in the MIB in which the systemFrameNumber is even indicates that the SIB1-BR of the current cell has changed within the past 24 hours. The value TRUE of this field in the MIB in which the systemFrameNumber is odd indicates that the SIB1-BR of the current cell has changed within the past 8 hours.


3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:
Proposal 1: It’s suggested to use the Change_Inds in the two continuous MIBs to indicate the SIB change status in the long predefined change duration and the short predefined change duration respectively.
Proposal 2: The two change durations can be hard-coded in specification.
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