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1 Introduction

The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [4] includes three main objectives: (1) specify a new Rel-13 low complexity UE category, (2) LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. Reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique for Rel-13 low complexity UEs. In RAN2#91, the following agreements were made:

	Agreements
1
Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.

2
RAN2 assumption, for RAN1 to confirm: It is possible to notify the IDLE UE of a system information update using the control channel (M-PDCCH) while avoid sending a paging record on the shared channel. 

5
The UE is not required to detect SIB change while being in RRC CONNECTED. The NW may release the UE to IDLE if it wants the UE to acquire changed SIB or provide the updated SIB by dedicated signalling.



RAN1 has agreed on the following in RAN1#82:

	Agreements
1
Confirm the working assumption to use M-PDCCH scheduled PDSCH carrying paging record(s)

2
One or more narrowbands can be configured by eNB for paging



A UE monitors a paging occasion in one of the configured narrowbands in the 
subframe based on at least UE ID at least for paging record(s)
3
On indicators for system information update, ETWS, and CMAS:



Option A: Transmit in M-PDCCH 



Option B: Transmit in PDSCH 



FFS if the paging occasion for SI update, ETWS, and/or CMAS is a cell common or 
not



FFS additional information (e.g. CFI, TDD configuration) in the associated DCI or paging message

4
The M-PDCCH search space for paging includes M-PDCCH candidate(s) with the highest CE level configured in the cell

Note: the ‘CE level’ can be replaced by a proper terminology later if needed.


In this paper, we address the remaining open issues regarding the system information update mechanism for Rel-13 low complexity and/or coverage enhanced UEs (Rel-13 LC/CE UEs) based on the agreements/working assumptions given above.
2 Discussion
System information is normally only updated at specific radio frames in which SFN mod N = 0, where N is known as the modification period. The shortest modification period is 640ms, while the longest modification period is 40.69s. In practice, however, the longest modification period is limited by the SFN periodicity which is only 10.24s. 

A typical value for the modification period is 2.56s. Since a Rel-13 LC/CE UE may not be able to decode SIB1bis and all SI messages within this time, a larger modification period will most likely be configured. Due to this reason, it was agreed in RAN2#89bis that a separate modification period can be configured for Rel-13 LC/CE UEs. Today there are two different ways in which a UE can be informed about an SI update:

-
If the UE receives a paging message including the systemInfoModification, it knows that the system information will be updated at the next modification period boundary.
-
If the UE detects that the systemInfoValueTag in SIB1 is changed, it knows that the system information has been updated.

RAN2 agreed in RAN2#91 that “Both value tag and Notification/Paging mechanisms are supported for system information change for LC UEs and UEs in EC.” This means notifications for SI update, ETWS, and/or CMAS are provided with the legacy mechanism and therefore there is no need to have a cell common paging occasion for SI update, ETWS, and CMAS.
Observation 1 SI update, ETWS, and CMAS notifications are provided via legacy mechanism, i.e. no common paging occasion is needed.
2.1 System Information Update

A conflict can occur when an SI parameter needs to be updated for both legacy and Rel-13 LC/CE UEs (e.g. TDD configuration in SIB1/SIB1bis). In this case both Rel-13 LC/CE and legacy UEs need to be notified before the update takes place. As shown in the figure given below, the problem can be avoided if the notification period starts earlier for Rel-13 LC/CE UEs when compared to the legacy UEs but ends at the same time. This is guaranteed by the fact that Rel-13 LC/CE modification period is always a multiple of the legacy modification period. From the legacy UE standpoint, the update procedure is the same since this will not be visible to legacy UEs. 
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Figure 1: SI updated for both legacy and Rel-13 LC/CE UEs

The modification period is in practice limited by the SFN wrap-around. If H-SFN is introduced as a result of the ongoing discussion in the Rel-13 extended DRX WI, modification periods up to 40.96 s will already be available in the specifications. For a Rel-13 LC/CE UE operating highest coverage enhancement level, it would take 2.4s to decode SIB1bis assuming a 20 ms periodicity, i.e. 120 repetitions. If we further assume that only essential system information, i.e. SIB2 and SIB14, is required for such a UE to acquire after decoding SIB1bis, it would take 3s more considering that 150 repetitions are needed to decode ~250 bits [6]. This means it takes a Rel-13 LC/CE UE operating in highest coverage enhancement level 5.4s to acquire the essential system information. This is within the current maximum modification period of 10s (with 1% overhead).
An SI message of 1000 bytes, which is transmitted with 8 repetitions in every SI window of periodicity 160 ms, and therefore has the same overhead as SIB1bis assuming a 20ms periodicity (0.5%), will take 6s for a Rel-13 LC/CE UE to accumulate assuming 300 repetitions, i.e. worst case scenario.  

Observation 2 It is not essential to extend the BCCH modification period.
2.1.1 Introducing a new systemInfoValueTag
In the email discussion on “SIB contents”, most companies stated that it would be beneficial to indicate which common SIB(s) have been updated in SIB1bis. This indication can be provided per SIB or per SI message. It can also be provided as part of the paging message for system information update notification. The main benefits of such indication is UE power consumption, i.e. the UE would know which SI message or SIB to update, and modification period, i.e. the network has to consider the time needed for Rel-13 LC/CE UEs to acquire the updated SI message or system information block. Considering that the number of repetitions needed to decode an SI message or SIB can be very large, it is beneficial to indicate which SI message or SIB has been updated. Consecutively, Rel-13 LC/CE UEs can avoid decoding the SI messages or SIBs which have not been updated. Note that a similar mechanism already exists in UMTS based on SIB specific value tags [2]. Introducing a systemInfoValueTag per SIB may not be so efficient from network resources standpoint and it may not be useful from UE power consumption standpoint since the UE has to decode the SI message to acquire the updated SIB. Providing such information as part of the paging message for system information update notification would result in a large paging message. Note that the indication is currently 1 bit and RAN1 is considering it to be provided as part of M-PDCCH. Therefore we propose to introduce a valueTag per SI message that can be provided in SIB1bis.
Proposal 1 Introduce a systemInfoValueTag per SI message in SIB1bis to indicate which SI message is updated.

Proposal 2 A systemInfoValueTag for SI message has the same value range with the legacy systemInfoValueTag.

The systemInfoValueTag per SI message can be captured in 36.331 as follows:
SystemInformationBlockType1bis message
-- ASN1START

SystemInformationBlockType1bis-r13 ::=
SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},


cellSelectionInfo




SEQUENCE {



q-RxLevMin






Q-RxLevMin,



q-RxLevMinOffset




INTEGER (1..8)


OPTIONAL
-- Need OP


},


p-Max







P-Max





OPTIONAL,


-- Need OP


freqBandIndicator




FreqBandIndicator,


schedulingInfoList-r13



SchedulingInfoList-r13,


tdd-Config






TDD-Config




OPTIONAL,
-- Cond TDD


si-WindowLength





ENUMERATED {












ms1, ms2, ms5, ms10, ms15, ms20,












ms40},



nonCriticalExtension



SystemInformationBlockType1-v890-IEs
OPTIONAL

}

SystemInformationBlockType1-v890-IEs::=
SEQUENCE {


lateNonCriticalExtension


OCTET STRING (CONTAINING SystemInformationBlockType1-v8h0-IEs)


OPTIONAL,


nonCriticalExtension



SystemInformationBlockType1-v920-IEs
OPTIONAL

}

-- Late non critical extensions

SystemInformationBlockType1-v8h0-IEs ::=
SEQUENCE {


multiBandInfoList




MultiBandInfoList

OPTIONAL,
-- Need OR


nonCriticalExtension



SystemInformationBlockType1-v9e0-IEs
OPTIONAL

}

SystemInformationBlockType1-v9e0-IEs ::= SEQUENCE {


freqBandIndicator-v9e0



FreqBandIndicator-v9e0

OPTIONAL,
-- Cond FBI-max


multiBandInfoList-v9e0



MultiBandInfoList-v9e0

OPTIONAL,
-- Cond mFBI-max


nonCriticalExtension



SEQUENCE {}




OPTIONAL

}

-- Regular non critical extensions

SystemInformationBlockType1-v920-IEs ::=
SEQUENCE {


ims-EmergencySupport-r9



ENUMERATED {true}


OPTIONAL,
-- Need OR


cellSelectionInfo-v920



CellSelectionInfo-v920

OPTIONAL,
-- Cond RSRQ


nonCriticalExtension



SystemInformationBlockType1-v1130-IEs
OPTIONAL

}

SystemInformationBlockType1-v1130-IEs ::=
SEQUENCE {


tdd-Config-v1130



TDD-Config-v1130


OPTIONAL,
-- Cond TDD-OR


cellSelectionInfo-v1130


CellSelectionInfo-v1130

OPTIONAL,
-- Cond WB-RSRQ

nonCriticalExtension


SystemInformationBlockType1-v1250-IEs
OPTIONAL
}

SystemInformationBlockType1-v1250-IEs ::=
SEQUENCE {


cellAccessRelatedInfo-v1250




SEQUENCE {



category0Allowed-r12





ENUMERATED {true}

OPTIONAL
-- Need OP


},


cellSelectionInfo-v1250




CellSelectionInfo-v1250

OPTIONAL,
-- Cond RSRQ2

freqBandIndicatorPriority-r12


ENUMERATED {true}


OPTIONAL,
-- Cond mFBI

nonCriticalExtension


SEQUENCE {}




OPTIONAL
}

PLMN-IdentityList ::=




SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo

PLMN-IdentityInfo ::=




SEQUENCE {


plmn-Identity






PLMN-Identity,


cellReservedForOperatorUse



ENUMERATED {reserved, notReserved}

}

SchedulingInfoList ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo

SchedulingInfo ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512},


sib-MappingInfo





SIB-MappingInfo

}

SIB-MappingInfo ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type

SIB-Type ::=





ENUMERATED {











sibType3, sibType4, sibType5, sibType6,











sibType7, sibType8, sibType9, sibType10,











sibType11, sibType12-v920, sibType13-v920,











sibType14-v1130, sibType15-v1130,











sibType16-v1130, sibType17-v1250, sibType18-v1250,










..., sibType19-v1250}

SchedulingInfoList-r13 ::= SEQUENCE (SIZE (1..maxSI-Message)) OF SchedulingInfo-r13
SchedulingInfo-r13 ::=
SEQUENCE {


si-Periodicity





ENUMERATED {












rf8, rf16, rf32, rf64, rf128, rf256, rf512},


sib-MappingInfo-r13




SIB-MappingInfo-13,


systemInfoValueTag




INTEGER (0..31)
}

SIB-MappingInfo-r13 ::= SEQUENCE (SIZE (0..maxSIB-1)) OF SIB-Type-r13
SIB-Type-r13 ::=





ENUMERATED {











sibType3, sibType4, sibType5, sibType6,











sibType7, sibType8, sibType9, sibType10,











sibType11, sibType12-v920, sibType13-v920,











sibType14-v1130, sibType15-v1130,











sibType16-v1130, sibType17-v1250, sibType18-v1250,










sibType19-v1250, spare14, spare13, spare12, spare11,











spare10, spare9, spare8, spare7, spare6, spare5,











spare4, spare3, spare2, spare1, ... }
CellSelectionInfo-v920 ::=


SEQUENCE {


q-QualMin-r9





Q-QualMin-r9,


q-QualMinOffset-r9




INTEGER (1..8)





OPTIONAL
-- Need OP

}

CellSelectionInfo-v1130 ::=


SEQUENCE {


q-QualMinWB-r11





Q-QualMin-r9

}
CellSelectionInfo-v1250 ::=


SEQUENCE {


q-QualMinRSRQ-OnAllSymbols-r12





Q-QualMin-r9

}

-- ASN1STOP

2.2 Extension of validity time
RAN2 discussed whether it would be beneficial to extend the validity time for system information, e.g. from 3h -> 12h or 24h, in RAN2#91. Such extension would either mean a need to extend the value range for systemInfoValueTag or implicitly limit the number of system information updates within the validity time. If the value range for eDRX cycles in idle mode will be shorter than 3 hours assuming that PSM can be configured for anything beyond 3 hour sleeping cycles, there will not be a need to extend the validity time since a UE in PSM is required to refresh system information after waking up from deep sleep. For eDRX cycles in idle mode, regardless of whether the cycles are longer than 3 hours or not, it is still under discussion how system information update notification would work. But one option can be that the UE can read SIB1bis and check if there has been a SI update only before it accesses the network. If there has been an update regarding e.g. the paging configuration or cell barring, the network can indicate it using a mechanism similar to the legacy notification mechanism. In that case, there may not be any need for the UE to update its system information based on the validity time.
Proposal 3 System information validity time is not increased.

3 Conclusion

In this contribution we have discussed the SI update mechanism for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:
Observation 1
SI update, ETWS, and CMAS notifications are provided via legacy mechanism, i.e. no common paging occasion is needed.
Observation 2
It is not essential to extend the BCCH modification period.


Based on the discussion in section 2 we propose the following
Proposal 1
Introduce a systemInfoValueTag per SI message in SIB1bis to indicate which SI message is updated.
Proposal 2
A systemInfoValueTag for SI message has the same value range with the legacy systemInfoValueTag.
Proposal 3
System information validity time is not increased.
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