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1 Introduction

During RAN2#89 meeting, the following agreements on SIB(s) were reached [1]:

· RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., 
the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage.
· RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs.
· In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time.

During RAN1#79 meeting, RAN1 discussed and reached the following agreements on paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE) [2]:

· Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs

· Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

· For paging, from RAN1 perspective, followings are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission
In this contribution, considerations on new SIB(s) and Paging messages are discussed from RAN2 perspective for Rel-13 low complexity UEs.
2 Contents of new SIB(s)
Contents of existing different SIB types are provided as follows:
· SIB1 contains information relevant when evaluating if a UE is allowed to access a cell.

· SIB2 contains radio resource configuration information that is common for all UEs.

· SIB3 ~ SIB8 contain information relevant for cell re-selection. SIB3 contains cell re-selection information common for intra-frequency, inter-frequency and/or inter-RAT cell re-selection. SIB4 and SIB5 contain information relevant only for intra-frequency and inter-frequency cell re-selection, respectively. SIB6, SIB7 and SIB8 contain information about UTRA frequencies and UTRA neighboring cells relevant, GERAN frequencies relevant, and CDMA2000 frequencies and CDMA2000 neighboring cells relevant for cell re-selection, respectively.
· SIB9 contains a home eNB name (HNB Name).

· SIB10 and SIB11 contain ETWS primary and secondary notifications, respectively.

· SIB12 contains a CMAS notification.

· SIB13 contains the information required to acquire the MBMS control information associated with one or more MBSFN areas.

· SIB14 contains the EAB parameters.

· SIB15 contains the MBMS Service Area Identities of the current and/or neighboring carrier frequencies.

· SIB16 contains information related to GPS time and Coordinated Universal Time (UTC).

System parameters carried by existing SIB1 and SIB2 are generally related to initial access.
Note: Table 3.1 shows system parameters carried by existing SIB1 and SIB2 and estimated corresponding sizes. The most necessary system parameters related to physical layer are included in “radioResource-ConfigCommon” field.
Table 3.1: The system parameters carried by existing SIB1 and SIB2
 and estimated corresponding sizes
	Contents
	Size(bits)

	cellAccessRelatedInfo
	plmn-IdentityList
	150

	
	trackingAreaCode
	16

	
	cellIdentity
	28

	
	cellBarred
	1

	
	intraFreqReselection
	1

	
	csg-Indication
	1

	
	csg-Identity
	27

	cellSelectionInfo
	q-RxLevMin
	6

	
	q-RxLevMinOffset
	3

	p-Max
	
	6

	freqBandIndicator
	
	6

	tdd-Config
	
	7

	systemInfoValueTag
	
	5

	ac-BarringInfo
	ac-BarringForEmergency
	1

	
	ac-BarringForMO-Signalling
	12

	
	ac-BarringForMO-Data
	12

	radioResourceConfigCommon
	
	160

	ue-TimersAndConstants
	
	18

	freqInfo
	ul-CarrierFreq
	16

	
	ul-Bandwidth
	3

	
	additionalSpectrumEmission
	5

	mbsfn-SubframeConfigList
	
	248

	timeAlignmentTimerCommon
	
	3


The necessity of system parameters related to high layer carried by existing SIB1 and SIB2 (marked in blue in Table 3.1) is provided as follows for Rel-13 low complexity UEs:

cellAccessRelatedInfo>>plmn-IdentityList, trackingAreaCode, cellIdentity, cellBarred,

intraFreqReselection, csg-Indication, csg-Identity: The first listed PLMN-Identity in the IE “plmn-IdentityList” is the primary PLMN. The IE “trackingAreaCode” is common for all the PLMNs listed. The IE “cellIdentity” is used to unambiguously identify a cell within a PLMN. The IE “cellBarred” is used to indicate whether the cell is barred or not. The IE “intraFreqReselection” is used to control cell reselection to intra-frequency cells when the highest ranked cell is barred, or treated as barred by the UE. The IE “csg-Indication” is used to indicate the UE is only allowed to access the cell if the “csg-Identity” matches an entry in the allowed CSG list that the UE has stored. Due to potential more application scenarios for MTC, the scenario in which both eNB and UE support CSG function may also need to be considered. So all the IEs in this field will also be necessary for Rel-13 low complexity UEs.
cellSelectionInfo>>q-RxLevMin, q-RxLevMinOffset: The two IEs “q-RxLevMin” and “q-RxLevMinOffset” in this field are used to determine RSRP measurement requirement, and specifically indicate the required minimum Rx RSRP level for cell selection and re-selection. So all the IEs in this field will also be necessary for Rel-13 low complexity UEs.
freqBandIndicator: This field is used to indicate current working band of the cell. If the above working band is supported by the UE, the band will be applied; otherwise, the blocking of cell will be deemed. This field will also be necessary for Rel-13 low complexity UEs.
systemInfoValueTag: This field is used to indicate whether the other SIBs except MIB, SIB1, SIB10~SIB12 and SIB14 to happen to change or not. If the only one new SIB is defined, or new SIB(s) with minimum payload is required, it will not be necessary for Rel-13 low complexity UEs.
ac-BarringInfo>>ac-BarringForEmergency, ac-BarringForMO-Signalling, ac-BarringForMO-Data:
The IE “ac-BarringForEmergency” is used for access class barring for AC10. The IE “ac-BarringForMO-Signalling” is used for access class barring for mobile originating signalling. The IE “ac-BarringForMO-Data” is used for access class barring for mobile originating calls. All the IEs in this field will also be necessary for Rel-13 low complexity UEs.
ue-TimersAndConstants: This field is used to define common timers and constants in RRC idle or connected state. It will also be necessary for Rel-13 low complexity UEs.
timeAlignmentTimerCommon: This field is used to indicate uplink synchronization duration after once calibration, in which the UE is considered to be synchronized with service cell in uplink. This field will also be necessary for Rel-13 low complexity UEs.
Based on the above analysis, it is assumed that total size for all the necessary high layer parameters which should be included in new SIB1 is approximately 285 bits. Considering initial access time and resource efficiency, it will be preferable that new SIB1 includes all the necessary physical and high layer system parameters related to initial access.

Based on the following observation from [3]: “if it is assumed that new SIB1 includes necessary physical layer parameters related to initial access, corresponding maximum payload is approximately 416 bits for FDD”, further observation may be provided as follows:
Observation1: If it is assumed that new SIB1 includes both necessary physical layer and high layer parameters related to initial access, corresponding maximum payload is approximately 701 bits for FDD.
The above estimation is achieved based on existing system parameter fields.

But considering that, after partial IEs (e.g., the ones related to specific narrow band physical channels in “radioResource-ConfigCommon” field) are redesigned or optimized for Rel-13 low complexity UEs in normal and/or coverage enhanced mode, their corresponding sizes may not be equal to original ones any more, and potential new system parameter fields (e.g., the ones indicating available narrow bands of unicast physical channels and CFI) dedicated for Rel-13 low complexity UEs in normal and/or coverage enhanced mode may also be introduced in the future, both the TBS and system parameter fields related to physical layer of new SIB1 cannot be provided definitely so far. The above estimation can only be a rough reference [3].

Besides, if it is assumed that new SIB1 also includes other system configuration parameters, e.g., the ones related to mobility and MBMS, except for necessary physical layer and high layer parameters related to initial access, corresponding maximum payload will be relatively larger. One choice is to introduce at least one additional SIB. In this case, necessary physical and high layer parameters related to initial access may be transmitted in new SIB1, and other system parameters may be transmitted in at least one additional SIB.

Besides, considering limiting support of mobility and reduction of complexity, and considering limited standardization time window, the intra-frequency cell reselection of all the capabilities related to existing SIB3 ~ SIB16 should be considered as high priority, and the other capabilities except the intra-frequency cell reselection may not be most necessary for Rel-13 low complexity UEs in both normal coverage and coverage enhanced mode, especially in current stage. Table 3.2 shows the system parameters related to intra-frequency cell reselection carried by existing SIB3 and SIB4 and estimated corresponding sizes (the most necessary parameters are marked in green).
Table 3.2: The system parameters related to intra-frequency cell reselection carried
by existing SIB3 and SIB4 and estimated corresponding sizes
	Contents
	Size(bits)

	cellReselectionInfoCommon
	q-Hyst
	4

	
	speedStateReselectionPars
	18

	intraFreqCellReselectionInfo
	q-RxLevMin
	6

	
	p-Max
	6

	
	s-IntraSearch
	5

	
	allowedMeasBandwidth
	3

	
	presenceAntennaPort1
	1

	
	neighCellConfig
	2

	
	t-ReselectionEUTRA
	3

	
	t-ReselectionEUTRA-SF
	4

	intraFreqNeighCellList
	
	224

	intraFreqBlackCellList
	
	208

	csg-PhysCellIdRange
	
	13


Observation2: If it is assumed that one additional new SIB includes system parameters related to intra frequency cell reselection, corresponding maximum payload is approximately 461 bits.
Proposal 1: Considering minimum payload, new SIB(s) may only contain necessary system parameters related to initial access and ones related to intra-frequency cell re-selection for Rel-13 low complexity UEs in both normal and coverage enhanced mode.
Proposal 2: If necessary, system parameters related to additional capabilities may be extended in the future for Rel-13 low complexity UEs in both normal and coverage enhanced mode.
3 Other considerations on new SIB(s)
Considering system acquisition time and control overhead, the restricted TBSs should be used for new SIB1. Additionally, in order to maintain a certain degree of flexibility of new SIB, we suggest multiple TBS levels for new SIB1, which are determined based on the range of possible TBS values for new SIB1, e.g., two or four TBS levels may be used, and indicated by 1 or 2 bits in MIB. Specifically, each TBS level may be corresponding to single or multiple TBS values. As a simple method, the above range of possible TBS values may be partitioned uniformly by all the TBS values corresponding to multiple TBS levels. Or it is restricted that different TBS levels/values are corresponding to different sets of potential system parameters. When each TBS level is corresponding to multiple TBS values, blind detection process and more system acquisition time will be needed, but more scheduling flexibility and better transmission performance will be achieved for Rel-13 low complexity UEs. Besides, similar to existing SIB1, the subsequent extension for system parameters needs also be supported for new SIB1, e.g., the reserved TBS levels/values may be considered.

Proposal 3: The restricted TBSs should be used for new SIB1. The possible TBS values for new SIB1 should be determined after the contents of new SIB1 are provided and confirmed.

A unified SIB(s) coverage enhancement solution for normal UEs in coverage enhanced mode and Rel-13 low complexity UEs in coverage enhanced mode can reduce system complexity. A normal UE in coverage enhanced mode may mimic the behaviors of a Rel-13 low complexity UE when receiving SIB(s).
Proposal 4: Normal UEs in coverage enhanced mode may continue to use the new SIB(s) for Rel-13 low complexity UEs in coverage enhanced mode.
At RAN2#89 meeting, is was agreed that “The new SIB1 is common for EC and LC”. Thus, there will be three options for the definition of other new SIB(s) except for SIB1, for both Rel-13 low complexity UEs in normal coverage mode and for low complexity UEs in coverage enhanced mode:
Alt 1: All other new SIB(s) are also shared by two types of UEs.
Alt 2: Each of all other new SIB(s) is dedicated for one of two types of UEs.
Alt 3: At least one of all other new SIB(s) is shared by the above two types of UEs, but each of the remaining SIB(s) is dedicated for one of two types of UEs.
For SIB(s) shared by the above two types of UEs, the eNB will transmit these SIB(s) according to requirement of the Rel-13 low complexity UEs in coverage enhanced mode. But the combining reception of these SIB(s) may not be needed any more for Rel-13 low complexity UEs in normal coverage mode.
Proposal 5: One of the above three options may be determined after all the system parameters related to low complexity and coverage enhancement are confirmed.
4 Considerations on Paging
Considering that the existing configuration of “PCCH-Config” system parameter may not be suitable any more due to potential new coverage enhancement mechanism for paging messages [3], the separate “PCCH-Config” system parameters may be used for Rel-13 low complexity UEs in both normal and coverage enhanced mode. In the case, paging messages for Rel-13 low complexity UEs in both normal and coverage enhanced mode may be multiplexed by different frequency locations.
Similar to RAR messages [4], paging messages may always be transmitted in the maximum coverage enhancement level, or may be separated by coverage enhancement levels for Rel-13 low complexity UEs in coverage enhanced mode. Considering resource efficiency, separating paging messages by coverage enhancement levels will be preferable.

Proposal 6: The separate “PCCH-Config” parameters may be considered for Rel-13 low complexity UEs in both normal and coverage enhanced mode.
Compared with normal UEs, considering narrow band transmission feature of Rel-13 low complexity UEs, a paging request signaling from MME to eNB at least should to be extended to indicate that the target of paging request is a Rel-13 low complexity UE. However, it needs to be further considered whether an indication of the coverage enhancement capability is also needed.

In RRC connected state, the S-eNB can identify whether a Rel-13 low complexity UE needs to be paged in normal mode or in coverage enhanced mode by initial access procedure. However, in RRC idle state, considering that the P-eNB storing of the context of all paged UEs is impossible, and there is no available uplink measurement/sounding signal from UEs, the P-eNB will not be able to know whether a Rel-13 low complexity UE to be paged has coverage enhancement capability or not, and its current working mode (i.e., in normal mode or in coverage enhanced mode).

In this case, the following three alternatives may be considered:

Alt 1: A paging message is always transmitted in coverage enhanced mode for the purpose of reliability. Besides, a Rel-13 low complexity UE without coverage enhancement capability should also be able to receive one of multiple repetitions of paging message transmitted in coverage enhanced mode.

Alt 2: A paging message is always transmitted in normal mode and in coverage enhanced mode respectively, until P-eNB confirms that corresponding uplink data is received correctly.

Alt 3: In RRC connected state, the MME receives and stores the indication of coverage enhancement capability related to a Rel-13 low complexity UE from the S-eNB. In RRC idle state, the MME transmits the indication of coverage enhancement capability related to a Rel-13 low complexity UE to be paged to the P-eNB. If the above Rel-13 low complexity UE has coverage enhancement capability, the corresponding paging message is always transmitted in coverage enhanced mode, or is always transmitted in history mode (transmitted to P-eNB by MME, together with indication of coverage enhancement capability) and in non-history mode respectively, until the P-eNB confirms that the corresponding uplink data is received correctly. Otherwise, corresponding paging message is always transmitted in normal mode.
Obviously, for Alt 1, a lower wireless resource efficiency will be caused, especially when a Rel-13 low complexity UE to be paged is in normal mode. For Alt 2, compared with Alt 1, unnecessary waste of wireless resource may somewhat be avoided for a Rel-13 low complexity UE in normal mode, but relative larger paging delay will be caused for a Rel-13 low complexity UE in coverage enhanced mode. For Alt 3, the balance between waste of wireless resource and paging delay may be achieved for Rel-13 low complexity UEs in both normal and coverage enhanced mode.

Proposal 7: An eNB pages a Rel-13 low complexity UE in RRC idle state based on indication of coverage enhancement capability related to the UE from the MME.

5 Conclusions

In this contribution, considerations on new SIB(s) and Paging are discussed from RAN2 perspective for Rel-13 low complexity UEs. We make the following observations and proposals:
Observation1: If it is assumed that new SIB1 includes both necessary physical layer and high layer parameters related to initial access, corresponding maximum payload is approximately 701 bits for FDD.
Observation2: If it is assumed that one additional new SIB includes system parameters related to intra frequency cell reselection, corresponding maximum payload is approximately 461 bits.
Proposal 1: Considering minimum payload, new SIB(s) may only contain necessary system parameters related to initial access and ones related to intra-frequency cell re-selection for Rel-13 low complexity UEs in both normal and coverage enhanced mode.

Proposal 2: If necessary, system parameters related to additional capabilities may be extended in the future for Rel-13 low complexity UEs in both normal and coverage enhanced mode.
Proposal 3: The restricted TBSs should be used for new SIB1. The possible TBS values for new SIB1 should be determined after the contents of new SIB1 are provided and confirmed.

Proposal 4: Normal UEs in coverage enhanced mode may continue to use the new SIB(s) for Rel-13 low complexity UEs in coverage enhanced mode.

Proposal 5: One of the above three options may be determined after all the system parameters related to low complexity and coverage enhancement are confirmed.
Proposal 6: The separate “PCCH-Config” parameters may be considered for Rel-13 low complexity UEs in both normal and coverage enhanced mode.
Proposal 7: An eNB pages a Rel-13 low complexity UE in RRC idle state based on indication of coverage enhancement capability related to the UE from the MME.
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