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1 Introduction

During RAN1#79 meeting, the following agreements on SIB(s) and Paging are provided:
SIB(s):
· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs

·    FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4   MHz system BW case

· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new SIB(s) for normal coverage or enhanced coverage
· FFS whether UEs of other category in enhanced coverage can use this SIB(s)

· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage

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

· RAR/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, further considerations on new SIB(s) and Paging for bandwidth reduction and coverage enhancement are discussed from RAN1 perspective for Rel-13 low complexity UEs.
2 Contents of new SIB(s)
System parameters carried by existing SIB1 and SIB2 are generally related to initial access.
Note: Table 2.1 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 2.2 shows specific IEs in “radioResourceConfigCommon” field and estimated corresponding sizes.
Table 2.1 The system parameters carried by existing SIB1 and SIB2
 and estimated corresponding sizes
	Contents
	Size

	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


Table 2.2 The IEs and estimated corresponding sizes for “radioResourceConfigCommon”
	rach-Config
	32
	prach-Config
	28

	bcch-Config
	2
	pdsch-Config
	9

	pcch-Config
	5
	pusch-Config
	21

	pucch-Config
	23
	soundingRS-UL-Config
	10

	uplinkPowerControl
	29
	ul-CyclicPrefixLength
	1


The necessity of system parameters related to physical layer carried by existing SIB1 and SIB2 (marked in blue) is provided as follows for Rel-13 low complexity UEs:
p-Max: This field is only used for system optimization. Maximum transmit power may depend on UE capability. It will be unnecessary for Rel-13 low complexity UEs.
tdd-Config: This field is only used for TDD system, and specifically, used for configurations of TDD UL/DL subframes and special subframes. It will be necessary for Rel-13 low complexity UEs. But the restricted TDD UL/DL configurations may be considered in the future for Rel-13 low complexity UEs in normal and/or coverage enhanced mode.
radioResourceConfigCommon: This field is used to specify common radio resource configurations, e.g., the random access parameters and the static physical layer parameters. It will also be necessary for Rel-13 low complexity UEs. But based on specific solutions on narrow band physical channels, the redesign of IEs (e.g., “pucch-Config” and “prach-Config”) related to different narrow band physical channels may be considered in the future for Rel-13 low complexity UEs in normal and/or coverage enhanced mode. The general principle includes elimination of unnecessary contents and increase of necessary contents for Rel-13 low complexity UEs in normal and/or coverage enhanced mode.
freqInfo >> ul-CarrierFreq, ul-Bandwidth, additionalSpectrumEmission:
The IEs “ul-CarrierFreq” and “ul-Bandwidth” of this field are only used for FDD system, and specifically, the IE “ul-CarrierFreq” is used to determine Tx-Rx frequency separation and the IE “ul-Bandwidth” is used to determine transmission bandwidth configuration in uplink(i.e., NRBUL). The IE “additionalSpectrumEmission” of this field is used to control radiation energy outside band and related to system bandwidth. Considering that use of default Tx-Rx frequency separation is sufficient generally, the IE “ul-CarrierFreq” will be unnecessary and the IEs “ul-Bandwidth” and “additionalSpectrumEmission” will be necessary for Rel-13 low complexity UEs. But the redesign of the IE “additionalSpectrumEmission” may need be considered under the restriction of 1.4MHz uplink narrow band by RAN4.
mbsfn-SubframeConfigList: This field is used to define the downlink subframes which are reserved for MBSFN transmission. The other downlink subframes except MBSFN subframes are available downlink subframes of non-MBSFN transmission. It will also be necessary for Rel-13 low complexity UEs. But, in order to further limit available TBSs of new SIB, the restriction on size of “mbsfn-SubframeConfigList” field may be considered for Rel-13 low complexity UEs in normal and/or coverage enhanced mode.
Observation1: If it is assumed that new SIB only includes necessary physical layer parameters related to initial access, corresponding maximum TBS is approximately 416 bits for FDD.
Observation2: The redesign of IEs related to different narrow band physical channels in “radioResourceConfigCommon” field of new SIB may be considered for Rel-13 low complexity UEs in normal and/or coverage enhanced mode.
The above estimation is achieved based on existing system parameter fields. Considering that some IEs (e.g., the IEs related to specific narrow band physical channels in “radioResource-ConfigCommon” field) would be redesigned or optimized for Rel-13 low complexity UEs in normal and/or coverage enhanced mode, their corresponding sizes may not equal to original ones any more. In addition, potential new system parameter fields(e.g., ones indicating available narrow bands of unicast physical channels) 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 SIB(s) cannot be provided definitely so far. The above estimation can only be as a reference roughly.
Proposal 1: Ask RAN2 to confirm the necessity of system parameters related to high layer for initial access and the simplification of different capabilities related to existing SIB3~SIB16.
Besides, we have evaluated the performance of SIBs with different TBSs under the simulation assumption in Annex (Table A.1). From the simulation results shown in Figure A.1, we can find that compared with TBSs of 504 and 328, much more repetition times (~60 vs. ~20) would be required for TBS of 936 to achieve the same coverage enhancement target of 15dB.
Observation3: Decreasing TBS can reduce repetition times significantly. From the perspective of performance, relatively small TBS would be preferable for new SIB message(s).

Proposal 2: The balance among the requirement of system acquirement time, coverage performance, and necessary contents should be considered for TBS of new SIB(s).
3 Narrow band location for new SIB(s) and Paging
In email discussion [2] after RAN1#76 meeting, narrow band location options for common control messages for low cost UEs not in coverage enhanced mode are discussed. But for Rel-13 low complexity UEs which support only 1.4MHz RF bandwidth in downlink, the above options may need to be modified. 
Considering that “A Rel-13 low complexity UE will not be able to receive PDCCH which schedules transmissions of legacy SIBs” is agreed in RAN1#79 meeting, the transmission method based on either EPDCCH-less scheduling or EPDCCH scheduling may be used for new SIB(s) and/or Paging. Further considering lower system efficiency and larger CSS occupation caused by EPDCCH scheduling for coverage enhancement, EPDCCH-less scheduling for new SIB(s) should be supported. In order to reduce blind detection complexity, EPDCCH scheduling for Paging should be supported [3].
When cross-subframe EPDCCH scheduling is used for Paging, narrow band location of Paging will be dynamically indicated by DCI signaling. When EPDCCH scheduling at the same subframe is used for Paging, and EPDCCH-less scheduling is used for new SIB(s), options for narrow band location of new SIB(s) and Paging may be provided as follows for Rel-13 low complexity UEs in both normal and coverage enhanced mode:
· Option 1: Fixed narrow band location. Minimal specification impact is expected. But both network operation and scheduler flexibility will be severely restricted. In order to alleviate interference between neighboring cells, neighboring cells may have different fixed narrow band locations determined by cell ID. Potential specification work may include definition of fixed narrow band locations.

· Option 2: Predefined narrow band location. When narrow band locations are changed in a pre-defined pattern, in order to avoid interference between neighboring cells, different predefined narrow band locations which are determined by some parameters (e.g. CellID and subframe index, etc) for neighboring cells can be considered. Besides, eNB scheduler may make use of time domain selective scheduling to acquire the required scheduling flexibility. Additional specification impact, e.g., definition of narrow band location pattern is expected.

· Option 3: Semi-static configured narrow band location. Both network operation and scheduler flexibility will be partially restricted. The performance of new SIB(s) could have small degradation due to the loss in frequency selective scheduling gain. Specifically, new MIB signaling and new SIB/RRC signaling can be used to indicate narrow band locations of new SIB(s) and Paging as a simplest method, respectively.
Proposal 3: Semi-static configured and predefined narrow band location for new SIB(s) should be considered as high priority for Rel-13 low complexity UEs. Option(s) for narrow band location of Paging may be considered after cross-subframe EPDCCH scheduling or EPDCCH scheduling at the same subframe is determined.
When multiple common control messages and/or unicast data are transmitted in different narrow bands in a subframe, Rel-13 low complexity UEs can determine current reception type based on UE’s implementation, or the pre-defined or configured priority of common control messages and/or unicast data.
4 Transmission mechanism on new SIB(s)
In order to avoid impact on MBSFN transmission of normal UEs, and considering that before primary new SIB is acquired, Rel-13 low complexity UEs in both normal and coverage enhanced mode would not know configuration information of MBSFN subframes, so primary new SIB can only utilize some predefined subframes, e.g., subframes #0/#4/#5/#9 for FDD, which are never configured as MBSFN subframes. Specifically, method of uniform transmission can be used. If additional new SIB(s) would be introduced for other system parameters which are not necessary for initial access, scheduling information of additional new SIB(s) in time domain may be carried in the primary new SIB.
In the case of EPDCCH-less scheduling, similar to existing transmission of MIB, fixed PDSCH transmission mode(e.g., SFBC) and modulation method(e.g., QPSK), and fixed or restricted PRB allocation and TBS may also be used for transmission of new SIB(s). Depending on specific PDSCH transmission mode, detection based on CRS and/or DMRS can be used by Rel-13 low complexity UEs.
Besides, the modification period of new SIB(s) may be sufficiently large, and the transmission frequency of new SIB(s) depends on the balance between power consumption/system acquirement time and system control overhead. In short, the requirement of system acquirement time has large impact on specific design of new SIB(s) for Rel-13 low complexity UEs in both normal and coverage enhanced mode. Similar to existing method, the signaling indicating change of system parameters may be carried in paging message.
Proposal 4: Predefined non-MBSFN subframes should at least be used for primary new SIB transmission. Specific scheme may be considered after the requirement of system acquirement time is provided by RAN2.

5 Concepts on Paging
For Rel-13 low complexity UEs in coverage enhanced mode, eNB can estimate the repetition level of paging message in terms of measurement based on UL reference signal or feedback from UEs in connected state. But in idle state, eNB can only use the history repetition level of paging message stored by MME/eNB. If some mobility requirements are assumed for Rel-13 low complexity UEs in coverage enhanced mode, the above history repetition level of paging message may not be accurate. In order to guarantee the coverage of paging messages, the following methods can be used by eNB: 
· paging message is always transmitted in terms of maximum repetition level; 
· starting from history repetition level of paging message, attempts all the repetition levels over the history repetition level of paging message in turn, until eNB receives UL PUSCH data from UEs.
Proposal 5: Further studies are needed on how eNB determines paging repetition level in idle state for a Rel-13 low complexity UEs in coverage enhanced mode.
6 Conclusions

In this contribution, further considerations on new SIB(s) and Paging for bandwidth reduction and coverage enhancement are discussed from RAN1 perspective for Rel-13 low complexity UEs. We make the following observations and proposals:
Observation1: If it is assumed that new SIB only includes necessary physical layer parameters related to initial access, corresponding maximum TBS is approximately 416 bits for FDD.
Observation2: The redesign of IEs related to different narrow band physical channels in “radioResourceConfigCommon” field of new SIB may be considered for Rel-13 low complexity UEs in normal and/or coverage enhanced mode.
Observation3: Decreasing TBS can reduce repetition times significantly. From the perspective of performance, relatively small TBS should be preferable for new SIB message(s).
Proposal 1：Ask RAN2 to confirm the necessity of system parameters related to high layer for initial access and the simplification of different functions related to existing SIB3~SIB16.
Proposal 2: The balance among the requirement of system acquirement time, coverage performance, and necessary contents should be considered for TBS of new SIB(s).
Proposal 3: Semi-static configured and predefined narrow band location for new SIB(s) should be considered as high priority for Rel-13 low complexity UEs. Option(s) for narrow band location of Paging may be considered after cross-subframe EPDCCH scheduling or EPDCCH scheduling at the same subframe is determined.
Proposal 4: Predefined non-MBSFN subframes should at least be used for primary new SIB transmission. Specific scheme may be considered after the requirement of system acquirement time is provided by RAN2.
Proposal 5: Further studies are needed on how eNB determines paging repetition level in idle state for a Rel-13 low complexity UEs in coverage enhanced mode.
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Annex
Table A.1 Simulation assumptions
	Parameters
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	TBS
	TBS=328/504/936

	Number of DL RBs
	6

	Transmission mode
	TM2

	Frequency tracking error
	100Hz

	Performance target
	1% iBLER
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 (a) Without repetition                                             (b) With repetition
Figure A.1 Simulation results for PDSCH with different TBSs

