Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG2 Meeting #101bis
R2-1805083
Sanya, P.R. China, 16th – 20th April 2018               
     
Agenda Item:
9.14.3
Source: 
Huawei, HiSilicon
Title:
Skipping MIB reading in NB-IoT and eMTC
Document for:
Discussion and Decision
1 Introduction
In last RAN1 meeting, there were some discussions about MIB skipping, a LS [1] was sent recommending RAN2 to study mechanism for skipping MIB decoding according to the agreement: 
· From RAN1 point of view, SI acquisition latency reduction after SI modification indication is expected if the UE can skip MIB-NB decoding, e.g., by using Direct indication information field in the DCI format N2 scrambled by P-RNTI.
· RAN1 assumes SI update indication in DCI format 6-2 is up to RAN2.
In this paper, the candidate solutions are analyzed from RAN2 point of view, and some observations and proposals are given. 
2 Discussion
2.1 System acquisition for NB-IoT and eMTC
In NB-IoT and eMTC, the UE shall apply the system information acquisition procedure upon selecting (e.g. upon power on) and upon re-selecting a cell, upon return from out of coverage, upon receiving a notification that the system information has changed, upon exceeding the maximum validity duration and before accessing the cell. The mechanism of skipping MIB reading by using information in Direct indication only applies to the scenario of system information change. 
Observation 1: The mechanism of using information in Direct indication to skip MIB reading only applies to the scenario of system information change. 







Figure 1: System information acquisition upon receiving change notification

As shown in figure 1, the Paging message is used to inform UEs in RRC_IDLE about a system information change. 
A UE, not configured to use a DRX cycle longer than the modification period, receiving a Paging message including the systemInfoModification, shall acquire the system information at the next modification period boundary, highlighted by the orange block in Figure 1. The modification period (MP) is configured as a number of default paging cycles, in figure1 the MP equals to four paging DRX cycles. 

The UEs, whose DRX cycle is longer than the modification period, receiving a Paging message including the systemInfoModification-eDRX shall acquire the updated system information at the next eDRX acquisition period boundary, highlighted by the pink block in Figure 1. This means that the system information, e.g. needed to receive paging, can only change at the eDRX acquisition period. For NB-IoT the period is about 2.91 hours and for eMTC the period is about 44 minutes. 
Observation 2: The system information indicated by systemInfoModification-eDRX can only change at the eDRX acquisition period boundary.

In the mechanism proposed in the RAN1 LS, the 6 spare bits in the DCI are used to carry some information which helps to avoid reading the MIB. As shown in figure1, the changes indicated via systemInfoModification and systemInfoModification-eDRX do not affect the same information and do not occur at the same time while they can be both signalled in the same paging message, thus the spare bits cannot be used for both cases. Moreover, it is hard to predict which information will change or not in the next eDRX acquisition period. Therefore, it is proposed that the MIB skipping method only addresses the UEs whose DRX cycle is not longer than the modification period.

Observation 3: The mechanism of using information in Direct indication to skip MIB only addresses the UEs whose DRX cycle is not longer than the modification period.

In case of system information change notification, the UE reads system information including MIB, SIB1 and other changed SIBs. If MIB skipping is enabled, the UE still needs to read SIB1 and other SIBs (e.g. SIB2) in most cases. Considering the infrequent change of System information and that the UE still have to read SIB1 and possibly other SIBs in addition to the mechanism being only applicable to UEs with DRX shorter than the modification period, the benefit brought by MIB skipping is limited. 
Observation 4: Infrequent changes of System information together with the applicability only to UEs whose DRX cycle is no longer than the modification period limits the benefit brought by using information in Direct indication to skip MIB reading. 
2.2 NB-IoT skipping MIB reading

The information carried in MIB-NB is provided below: 
MasterInformationBlock-NB
-- ASN1START

MasterInformationBlock-NB ::=
SEQUENCE {


systemFrameNumber-MSB-r13

BIT STRING (SIZE (4)),


hyperSFN-LSB-r13



BIT STRING (SIZE (2)),


schedulingInfoSIB1-r13


INTEGER (0..15),


systemInfoValueTag-r13


INTEGER (0..31),


ab-Enabled-r13




BOOLEAN,


operationModeInfo-r13


CHOICE {



inband-SamePCI-r13



Inband-SamePCI-NB-r13,



inband-DifferentPCI-r13


Inband-DifferentPCI-NB-r13,



guardband-r13




Guardband-NB-r13,



standalone-r13




Standalone-NB-r13


},


spare






BIT STRING (SIZE (11))

}

ChannelRasterOffset-NB-r13 ::= ENUMERATED {khz-7dot5, khz-2dot5, khz2dot5, khz7dot5}

Guardband-NB-r13 ::=


SEQUENCE {


rasterOffset-r13



ChannelRasterOffset-NB-r13,


spare






BIT STRING (SIZE (3))

}

Inband-SamePCI-NB-r13 ::=

SEQUENCE {


eutra-CRS-SequenceInfo-r13

INTEGER (0..31)

}

Inband-DifferentPCI-NB-r13 ::=
SEQUENCE {


eutra-NumCRS-Ports-r13


ENUMERATED {same, four},


rasterOffset-r13



ChannelRasterOffset-NB-r13,


spare






BIT STRING (SIZE (2))

}

Standalone-NB-r13 ::=


SEQUENCE {


spare






BIT STRING (SIZE (5))

}

-- ASN1STOP

SFN and part of HSFN can be calculated based on previous acquired value. systemInfoValueTag changes each time the system information changes. ab-Enabled is not covered by system information change notification and only needs to be known prior to access. The other information such as schedulingInfoSIB1, operationModeInfo and ChannelRasterOffset may also change in some cases.
In [2], it is proposed to use the 6 unused bits of Direct Indication Information. The first bit is used for ab-Enabled, the 2nd to 5th bits are used for schedulingInfoSIB1, the 6th bit for Fallback. 
One main issue related to the solution is that the UE will not know the systemInfoValueTag associated to the new set of system information. 

In [3], it is proposed to use the 6 unused bits of Direct Indication Information to indicate the systemInfoValueTag (5 bits) of MIB-NB and 1 bit to enable the indication. This bit, if set, also indicates that the information in the MIB other than systemInfoValueTag and ab-Enabled has not changed. In this solution, the systemInfoValueTag in the DCI shall be the value tag included in the MIB of next MP. 

Observation 5: It is feasible to skip MIB reading by signalling the systemInfoValueTag (5 bits) of MIB-NB when information in MIB-NB will not change. 
Proposal 1: For NB-IoT, RAN2 to discuss reusing the 6 unused bits in Direct Indication Information to indicate the systemInfoValueTag when information in MIB-NB will not change.

2.3 eMTC skipping MIB reading
The information carried in MIB is provided below: 

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),


spare







BIT STRING (SIZE (5))

}

-- ASN1STOP

SFN can be determined based on previous acquired value. The other information such as dl-Bandwidth, phich-Config and schedulingInfoSIB1-BRmay change in rare cases. The UE has to read MIB to acquire schedulingInfoSIB1-BR for SIB1-BR reading.
RAN2 has also agreed to use one bit to indicate that system information has not changed in the last 24 hours. This bit will be set each time the system information changes. This mechanism is used to skip SIB1-BR reading. 

In [4], it is proposed to use a spare bit in the direct indication message of DCI format 6-2 to indicate that there is no change to the information in the MIB. Then, whatever system information has changed, the UE needs to read SIB1 to get the system information value tag. In SIB1, the network can already indicate which SI messages are changed. Thus we do not see what other information could be indicated in Direct Information to help skipping other SIBs. 
Observation 6: It is feasible to skip MIB reading by signalling an indication in Direct Indication that no information will change in the MIB. 
Proposal 2: For eMTC, RAN2 to discuss reusing one of the unused bits in Direct Indication Information to indicate that there will be no change to the information in the MIB at the next MP. 
Additionally, if only the information in MIB has changed, this still leads to the “change” indication in systemInfoModification the UE still has to read SIB1-BR to check if other information has changed. In order to further improve UE performance, another spare bit in Direct Indication Information can be used to indicate that there is no change to the information in the SIB1-BR. Then, the UE can avoid reading SIB1-BR.
Proposal3: For eMTC, RAN2 to discuss reusing one of the unused bits in Direct Indication Information to indicate that there will be no change of SIB1-BR at the next MP.
3 Conclusion
In this paper, we discussed the candidate solutions for MIB skipping, some observations and proposals are given as follows. 
Observation 1: The mechanism of using information in Direct indication to skip MIB reading only applies to the scenario of system information change. 
Observation 2: The system information indicated by systemInfoModification-eDRX can only change at the eDRX acquisition period boundary.
Observation 3: The mechanism of using information in Direct indication to skip MIB only addresses the UEs whose DRX cycle is not longer than the modification period.
Observation 4: Infrequent changes of System information together with the applicability only to UEs whose DRX cycle is no longer than the modification period limits the benefit brought by using information in Direct indication to skip MIB reading. 
Observation 5: It is feasible to skip MIB reading by signalling the systemInfoValueTag (5 bits) of MIB-NB when information in MIB-NB will not change. 

Observation 6: It is feasible to skip MIB reading by signalling an indication in Direct Indication that no information will change in the MIB. 
Proposal 1: For NB-IoT, RAN2 to discuss reusing the 6 unused bits in Direct Indication Information to indicate the systemInfoValueTag when information in MIB-NB will no changed.
Proposal 2: For eMTC, RAN2 to discuss reusing one of the unused bits in Direct Indication Information to indicate that there will be no change to the information in the MIB at the next MP except 

Proposal3: For eMTC, RAN2 to discuss reusing one of the unused bits in Direct Indication Information to indicate that there will be no change of SIB1-BR at the next MP.
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