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Introduction
In this paper, we discuss how the UE can skip MIB acquisition when system information modification occurs, using Direct Indication Information transmitted on MPDCCH or NPDCCH.
Discussion
In the LTE network, when (some of the) system information is changed, it first notifies the UE about the change via paging message and this notification may be done throughout a modification period. In the next modification period, the network transmits the updated system information. If the i.e. systemInfoModification is set TRUE in paging message, the UE knows that the system information will change at the next modification period boundary.

The scheduling information of the system information is provided in SIB1. For BL UE or UE in CE, it is provided in SIB1-BR and its scheduling information (the number of repetition and size of its TBS) is included in MIB using 5 bits. So when the BL UE or UE in CE realizes that the system information, it needs to acquire MIB and SIB1-BR one by one, and then the other system information.

 However, in this case, the schedulingInfoSIB1-BR is the only field that the UE needs to know among the contents of the MIB. Assuming that schedulingInfoSIB1-BR may not be changed frequently because the schedulingInfoSIB1-BR only informs the number of repetition and TBS size of the SIB1, if the UE can check that the stored scheduling information of the SIB1-BR is still valid, it will be beneficial to reduce the system information acquisition time by skipping MIB acquisition.
Observation 1: If UE has stored schedulingInfoSIB1-BR information and UE can check that the information is still valid, UE does not need to re-acquire MIB to receive modified SI.
In RRC_IDLE, E-UTRAN may notify BL UEs or UEs in CE or NB-IoT UEs about SI update, and except for NB-IoT, ETWS and CMAS notification and EAB modification, using Direct Indication information which is transmitted on MPDCCH using P-RNTI but without associated Paging message. As the UE may check MPDCCH periodically, if schedulingInfoSIB1-BR information is provided in the Direct Indication Information, the UE does not have to acquire MIB when the system information modification occurs. Following table shows current contents of Direct Indication Information transmitted on MPDCCH, specified in [1]
	Table 6.6-1: Direct Indication information

Bit

Direct Indication information

1

systemInfoModification

2

etws-Indication

3

cmas-Indication

4

eab-ParamModification

5

systemInfoModification-eDRX

6, 7, 8

Not used, and shall be ignored by UE if received.

           


However, the field schedulingInfoSIB1-BR provided in MIB, is a five bits information, but there are only three spare bits in the Direct Indication Information. So it can be considered how to represent the validity of the five bit information schedulingInfoSIB1-BR by three bits, into the Direct Indication Information.
Observation 2: Since UE will periodically monitor PDCCH addressed to P-RNTI, if the monitored PDCCH informs UE about validity of schedulingInfoSIB1-BR information with the existing spare bit(s), UE can skip MIB acquisition before receiving modified SI.
In order to represent the validity of schedulingInfoSIB1-BR to the UEs, we propose to provide validity time information of schedulingInfoSIB1-BR with three bits. The validity time information indicates how much time the schedulingInfoSIB1-BR has not been changed, in time unit:

1. A UE acquires and stores system information at a cell;

2. The UE monitors Direct Indication Information which is transmitted on MPDCCH addressed to P-RNTI, in paging occasions at a cell.
3. The UE acquires schedulingInfoSIB1-BR validity time information from the monitored MPDCCH at the cell.
4. Based on the validity time, the UE determines whether the stored information element is still valid or not.

5. If the monitored PDCCH indicates system information modification in a modification period:

A. If the stored schedulingInfoSIB1-BR is considered as valid for the next modification period, the UE decodes skips acquisition of MIB and directly decode SIB1-BR, according to the scheduling information.
B. If the stored schedulingInfoSIB1-BR is not valid for the next modification period, the UE decodes MIB, and then SIB1-BR, and the other system information blocks.
Following table shows list of schedulingInfoSIB1-BR validity time value and each meaning.
	Validity time value of  schedulingInfoSIB1-BR in MPDCCH
	The hours that schedulingInfoSIB1-BR has not been changed

	0
	0

	1
	3

	2
	6

	3
	9

	4
	12

	5
	15

	6
	18

	7
	21


Table 1: Meaning of schedulingInfoSIB1-BR validity time value with time unit

For BL UEs and UEs in CE, as validity time of the system information is 3 or 24 hours, after the validity time value becomes 7, the UE is required to acquire entire system information after 24 hours has passed, if there has been no modification

[image: image2.jpg]




1  As soon as schedulingInfoSIB1-BR is changed, the validity time value is 0. It means ‘schedulingInfoSIB1-BR was changed 0 hours ago’. When SI modification occurs while the validity time value is 0, all the UEs might check the schedulingInfoSIB1-BR validity time in MPDCCH and then acquire MIB.
2  After a three hours have passed, schedulingInfoSIB1-BR validity time value becomes 1. It means ‘schedulingInfoSIB1-BR has changed equal to or more than three hours ago. While the value is 1, the UEs which have acquired schedulingInfoSIB1-BR between the time point ① and ② (i.e., after three hours ago) do not need to acquire MIB.
3  Nine hours have passed after schedulingInfoSIB1-BR was changed. From now on, the UEs which have acquired schedulingInfoSIB1-BR between the time point ① and ③ (i.e., after nine hours ago) do not need to acquire MIB.
4  After the schedulingInfoSIB1-BR validity time value becomes 7, the value is no more updated until schedulingInfoSIB1-BR is changed, so all the UEs which have acquired schedulingInfoSIB1-BR after the time point ① do not need to acquire MIB.
Proposal 1: Validity time value of schedulingInfoSIB1-BR is provided in Direct Indication Information, transmitted on MPDCCH. The validity time value indicates how long the current schedulingInfoSIB1-BR value has been valid.
In NB-IoT, MIB-NB uses a fixed scheduling with a periodicity of 640ms and repetitions made within 640ms. Regarding that the periodicity of the MIB is 40ms in legacy LTE, the periodicity has sixteen times larger in NB-IoT. It means that if the UE fails to decode the MIB-NB at a certain time, it has to wait for a long time until the next MIB-NB is broadcasted.
With regard to this issue, RAN4 has discussed the acquisition delays associated with the reception of system information for Rel-13 Category NB1 UEs [3]. Following table 1 provides the summary:
Table 2: Summary of acquisition delays of system information

	Parameter
	Cat 0
	Cat NB1 NC
	Cat NB1 EC

	T_MIB-NB
	50
	640
	2560

	T_SIB1-NB
	
	5120
	29440

	T_SIB2-NB
	
	2560
	9560

	T_SI for cell re-selection
	1280
	8320
	41560

	T_SI for RRC re-establishment
	1280
	8320
	41560

	NOTE 1: The parameters T_MIB-NB and T_SI are defined in TS 36.133

NOTE 2: The terms NC and EC are abbreviations for normal coverage and enhanced coverage, respectively

NOTE 3: The values for SI acquisition delays for Category NB1 UEs have been derived using baseband only simulations and do not include RF impairment margin

NOTE 4: The SIB2-NB acquisition delay depends on network configuration


According to the table, 2560ms is normally required to decode MIB-NB. It means when a UE fails to decode MIB-NB, then it needs more 2560ms. It is expected that system information acquisition failure occurs more frequently for UE in CE mode, this is not a short delay when UE is accessing to the cell or SI modification occurs. If the UE can skip receiving the MIB-NB, then the UE can acquire SIB1-NB much more quickly, and even can save the delay between end time of the MIB-NB decoding and start time of the SIB1-NB decoding.
Observation 3: Scheduling periodicity of MIB-NB (640ms) is sixteen times longer than the periodicity of MIB in LTE (40ms). If a UE fails to decode the MIB-NB, it has to wait for a long time to acquire next MIB-NB.

A UE in idle mode monitors PDCCH or MPDCCH or, for NB-IoT on NPDCCH in paging occasion and uses P-RNTI to check whether it shall receive paging message soon. Also, Direct Indication information is transmitted on NPDCCH using P-RNTI but without associated Paging-NB message. It contains systemInfoModification and systemInfoModification-eDRX who are included in the paging message. When each parameter’s corresponding bit is set to 1, the UE shall behave as if the corresponding field is set in the Paging-NB message.
Similarly, if the ab-Enabled in MIB-NB is included in NPDCCH, the UE does not need to acquire MIB-NB but shall behave as if the corresponding field is set in the MIB-NB message when it initiates the RRC Connection Establishment or Resume procedure. Reading access barring information in the NPDCCH, a UE accessing to the cell can save the MIB-NB acquisition time before sending RRCConnectionResumeRequest message. Also when a cell has changed to barred to access, the indication is sent via NPDCCH, so the UE does not have to receive MIB-NB separately. 
Observation 4: If ab-Enabled is included in NPDCCH using P-RNTI, UE can skip reading MIB-NB and directly receive SIB1-NB
Following figure 1 shows current system information acquisition procedure of the UE when SI modification occurs.



                   

Figure 1: System information acquisition procedure of the UE when SI modification occurs

Each four step is as following.

1.  UE is monitoring NPDCCH periodically. 
2.  When systemInfoModification in NPDCCH is set to TRUE, the UE acquires MIB-NB to read schedulingInfoSIB1.
3.  According to the schedulingInfoSIB1 in MIB-NB, the UE reads SIB1-NB.

4.  According to the scheduling information included in SIB1-NB, the UE receives the system information.
 In this procedure, the purpose of acquiring MIB-NB is to read schedulingInfoSIB1. If this 4-bit field is included in NPDCCH, the UE does not need to receive MIB-NB and directly acquire SIB1-NB, after receiving system information modification indication in NPDCCH. Any other information included in MIB-NB is not required to read at this time.
Observation 5: If schedulingInfoSIB1 is included in NPDCCH using P-RNTI, the UE does not need to acquire MIB-NB but directly receives SIB1-NB when system information modification occurs. (e.g. when SIB1 contents change or when multiple SI messages change)
In the meeting RAN1#90bis, RAN1 has made following agreement: [2]
	•
Additional SIB1-NB transmission can be configured by eNB, and the presence of additional SIB1-NB can be indicated by one of unused bits in MIB-NB


This additional SIB1-NB indicator shall be put together with schedulingInfoSIB1, because it can be assumed that this is part of scheduling information of SIB1-NB. If only schedulingInfoSIB1 is included in NPDCCH and the network schedules additional SIB1-NB, the UE does not know whether it is being broadcasted additionally, so the schedulingInfoSIB1 in NPDCCH even becomes useless. If schedulingInfoSIB1 and this additional SIB1-NB indicator are included together, in case of system information modification, the UE does not need to acquire MIB-NB even SIB1-NB is additionally broadcasted. Following figure 2 shows the abbreviated procedure in contrast to figure 1 above, if both fields are included in NPDCCH.





                   


1. UE is monitoring NPDCCH periodically. 

2.  When systemInfoModification in NPDCCH is set TRUE, the UE reads schedulingInfoSIB1 and additional SIB1-NB indicator in NPDCCH.
3.  According to the information contained in NPDCCH, the UE reads SIB1-NB, and then read SI messages according to the scheduling information included in SIB1-NB.
Observation 6: When network is broadcasting additional SIB1-NB and its 1-bit indicator is included in MIB-NB, if the indicator is also included in NPDCCH using P-RNTI, the UE does not need to acquire MIB-NB but directly receive SIB1-NB.
 However, as there is no release information of each field in Direct Indication Information transmitted in NPDCCH, if 6 bits are filled with the information as above observations, backward compatibility issue can occur. Current 2-bit content of the NPDCCH is as following: [1]
	6.7.5
Direct Indication Information

Direct Indication information is transmitted on NPDCCH using P-RNTI but without associated Paging-NB message. Table 6.7.5-1 defines the Direct Indication information, see TS 36.212 [22, 6.4.3.3].

When bit n is set to 1, the UE shall behave as if the corresponding field is set in the Paging-NB message, see 5.3.2.3. Bit 1 is the least significant bit.

Table 6.7.5-1: Direct Indication information

Bit

Field in Direct Indication information
1

systemInfoModification

2

systemInfoModification-eDRX

3, 4, 5, 6, 7, 8

Not used, and shall be ignored by UE if received



Suppose Rel-14 cell is broadcasting NPDCCH with only 2 bits Direct Indication Information and Rel-15 UE is receiving the information. Even though only first two bits are meaningful in NPDCCH, the UE might understand that all the eight bits are meaningful. To resolve this issue, we propose to add an indicator which informs that the last 6 bits in NPDCCH shall be ignored or not. This indicator even enables the Rel-15 cell not to send the additional six-bits information proposed in this paper (i.e. the cell wants the UE not to skip MIB-NB). SIB2-NB seems most adequate to contain the indicator because the UE shall acquire it when it firstly camps on the cell.
Proposal 2: Include ab-Enabled, schedulingInfoSIB1 and additional SIB1-NB 1-bit indicator Use six spare bits of Direct Indication Information transmitted on NPDCCH to transmit proposed fields as following:

· 1st bit : ab-Enabled

· 2nd ~ 5th bits : schedulingInfoSIB1
· 6th bit : Indication of using additional SIB1-NB

Proposal 3: For the backward compatibility issue, an indicator is needed which informs that the six bits shall be ignored or not.
Conclusion

In conclusion, we propose the followings: 
Observation 1: If UE has stored schedulingInfoSIB1-BR information and UE can confirm that the information is still valid, UE does not need to re-acquire MIB to receive modified SI.
Observation 2: Since UE will periodically monitor PDCCH addressed to P-RNTI, if the monitored PDCCH informs UE about validity of schedulingInfoSIB1-BR information with the existing spare bit(s), UE can skip MIB acquisition before receiving modified SI.
Proposal 1: Validity time value of schedulingInfoSIB1-BR is provided in Direct Indication Information, transmitted on MPDCCH. The validity time value indicates how long the current schedulingInfoSIB1-BR value has been valid.

Observation 3: Scheduling periodicity of MIB-NB (640ms) is sixteen times longer than the periodicity of MIB in LTE (40ms). If a UE fails to decode the MIB-NB, it has to wait for a long time to acquire next MIB-NB.

Observation 4: If ab-Enabled is included in NPDCCH using P-RNTI, UE can skip reading MIB-NB and directly receive SIB1-NB

Observation 5: If schedulingInfoSIB1 is included in NPDCCH using P-RNTI, the UE does not need to acquire MIB-NB but directly receives SIB1-NB when system information modification occurs. (e.g. when SIB1 contents change or when multiple SI messages change)
Observation 6: When network is broadcasting additional SIB1-NB and its 1-bit indicator is included in NPDCCH using P-RNTI, the UE does not need to acquire MIB-NB but directly receive SIB1-NB.
Proposal 2: Include ab-Enabled, schedulingInfoSIB1 and additional SIB1-NB 1-bit indicator Use six spare bits of Direct Indication Information transmitted on NPDCCH to transmit proposed fields as following:

· 1st bit : ab-Enabled

· 2nd ~ 5th bits : schedulingInfoSIB1
· 6th bit : Indication of using additional SIB1-NB

Proposal 3: For the backward compatibility issue, an indicator is needed which informs that the six bits shall be ignored or not.
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