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1 Introduction
At RAN#65, a new Work Item on “Further LTE Physical Layer Enhancements for MTC” was approved [1], with the objective to further reduce complexity of LTE devices for MTC, as well as to improve coverage for reduced complexity UEs and other UEs operating delay tolerant MTC applications. In this contribution, we will discuss the SIB design aspects.
2 RAN1 assumptions and agreements
Followings are the SIB relevant RAN1 assumptions and agreements, based on the incoming RAN1 LS [2]:
Working assumption (from RAN1#78bis)
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.

· RAN2 aspect and RAN1 aspect need to be considered further by RAN1 and RAN2 before confirming the working assumption

· RAN1 aspect including coding rate and spectral efficiency (taking into account coverage enhancement) and turbo coding gain
Agreements (from RAN1#79)
· 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
3 SIB design
3.1 Design a common solution
As illustrated in Figure 1, when designing the SIB for Rel-13 low complexity UEs and UEs in enhanced coverage, 3 different cases need to be taken into account and each of them has different requirements.
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Figure 1: Different cases

To avoid unnecessary specification impacts and system complexity, it is beneficial to minimize divergence of solutions for different cases. One possible approach is to define a solution for Case 3, and with this solution eNB should be able to transmit SIB(s) required by Rel-13 low complexity UEs in enhanced coverage with sufficient number of repetitions within 6 PRB. It is obviously that Case 1 and Case 2 could be satisfied by this solution as well, as R13 low complexity UEs in normal coverage and normal UEs in enhanced coverage can successfully acquire the SIB(s) within less number of repetitions even though eNB provides excessive repetitions for Rel-13 low complexity UEs in enhanced coverage.
Depending on the solution details, normal UEs in enhanced coverage may not able to receive some of the SIBs for normal UEs in normal coverage. In this case, normal UEs in enhanced coverage will behave as Rel-13 low complexity UEs. This is not a serious problem, because we will only address normal UEs operating delay tolerant MTC applications in this Work Item.
Proposal 1: Design a common solution for enhanced SIB transmission to satisfy all the three cases, i.e. case 1: R13 Low complexity UEs in normal coverage, case 2: normal UEs in enhanced coverage, and case 3: R13 Low complexity UEs in enhanced coverage.
3.2 Alternative solutions

In general, there are two alternative solutions to provide SIB for Rel-13 low complexity UEs and UEs in enhanced coverage, depending on whether existing SIBs are reused. The two alternative solutions will be discussed in detail in the following sections. Here we will not discuss how the radio resources for SIB transmission will be allocated, e.g. resource allocation using EPDCCH with cross-subframe scheduling, or resource allocation pre-defined (e.g. like SIB1), because this is subject to RAN1 discussion and decision.
3.2.1 Alt 1: Reuse existing SIBs and introduce necessary new SIB(s)
With this alternative, existing SIBs will be reused, which means that normal UEs in normal coverage will share the same SIBs with Rel-13 low complexity UEs and UEs in enhanced coverage. At the same time, additional new SIB(s) will be introduced to accommodate the necessary parameters for 6 PRB narrowband operation and operation in enhanced coverage. Based on the UE implementation, Rel-13 low complexity UEs and UEs in enhanced coverage might choose to ignore some of the existing SIBs, e.g. SIBs for ETWS.
To ensure that Rel-13 low complexity UEs could successfully decode the SIB messages, SIB transmissions should be restricted to be within 6 PRB. For Rel-13 low complexity UEs and UEs in enhanced coverage, they need to combine the SIB repetitions in different SI periodicities until the SIB is successfully decoded, as shown in Figure 2, correspondingly eNB needs to keep the same radio resource allocation and MCS for different repetitions within the BCCH modification period. SIB14 for EAB is a special case, which might be updated by the eNB at any time. To ensure that Rel-13 low complexity UEs could accumulate the energy and successfully decode SIB14, eNB needs to slow down the update of SIB14 and keep it unchanged during the BCCH modification period.
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Figure 2: Combine the SIB transmissions in different periodicities

In the current RRC specification, the maximum configurable value of BCCH modification period is 40.96s. Assuming the BCCH modification period is 2.56s, the repetition number of SIB1 transmission within the BCCH modification period of 2.56s is 128, given that SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80ms. For SIB2 and upwards, assuming the scheduling periodicity is 80ms (the minimum configurable value) and the corresponding SI-window length is 20ms (the maximum configurable value is 40ms), then the repetition number could be up to 224 within the BCCH modification period of 2.56s (7 subframes per 20ms could be used for transmission, because subframe #5 in even frames is used for SIB1 transmission and in addition 6 subframes per frame might be configured as MBSFN subframes).

RAN1 LS [2] indicated the estimated number of repetitions required at SNR = -14.3dB (i.e. 15db coverage enhancement) using 6 PRBs based on simulation results. Here we also copy it as below in Table 1. It could be observed that with the current BCCH modification period, SI-periodicity and SI-window, the eNB could provide sufficient number of repetition opportunities for SIB transmissions to achieve the 15db coverage enhancement target for Rel-13 low complexity UEs.
Table 1: Approximate number of repetitions required (SNR = -14.3dB)
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	60
	100
	40
	80
	30
	50
	25
	40

	328
	100
	150
	60
	100
	40
	75
	35
	60

	504
	120
	x
	100
	x
	50
	x
	50
	x

	1000
	160
	x
	120
	x
	80
	x
	x
	x


The maximum TBS limitation for SIB reception also need to be considered, as so far RAN1 working assumption is that it is no more than approximately 1000 bits for Rel-13 low complexity UEs. As discussed and agreed at RAN2#84 [4], SIB1, 2, 3 and 4 are smaller than 1000 bits and therefore there is no issue regarding cell selection and intra-frequency cell reselection. However, SIB5 might be larger than 1000 bits depending on the number of carrier frequencies (and e.g. blacklists) configured by the network. If the network broadcasts a SIB5 with more than 1000 bits, Rel-13 low complexity UEs are not required to read SIB5 successfully and in this case the UEs will rely on intra-frequency cell reselection rather than inter-frequency cell reselection. This is not a significant problem, as RAN1 already recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs. 
Observation 1: With the current BCCH modification period, SI-periodicity and SI-window, the eNB could provide sufficient number of repetition opportunities for SIB transmissions to achieve the 15db coverage enhancement target for Rel-13 low complexity UEs.
3.2.2 Alt 2: Introduce new SIB(s) without reusing existing SIBs
With this alternative, new SIB(s) will be defined to accommodate all the necessary system information for the access of Rel-13 low complexity UEs and UEs in enhanced coverage, e.g., necessary contents carried in SIB1, SIB2 and SIB14, as well as the necessary parameters for 6 PRB narrowband operation and operation in enhanced coverage. Rel-13 low complexity UEs and UEs in enhanced coverage will read the new SIB(s) rather than the list of existing SIBs.

The benefits of this alternative largely depend on how many bits could be saved with the new SIB(s). Technically, this alternative provides an opportunity to design brand-new SIB(s) for Rel-13 low complexity UEs hence it could minimize the impacts to normal UEs. However, this doesn’t fulfill the general principle, where the existing system should be reused unless significant problems are identified.
Table A-1 in the appendix lists the required configurations for Rel-13 low complexity UEs and UEs in enhanced coverage as well as the estimated size, which is around 1246 bits. Among the existing SIBs, only SIB1, SIB2 and SIB14 are considered here (because the mobility support is not clear so far). Please note that so far the system design is not totally clear and the size is only an approximate value. Since it is expected that the required configurations will exceed 1000bits eventually, several individual SIBs need to be introduced to ensure they could be successfully decoded by Rel-13 low complexity UEs. 
In the real deployment, depending on the application layer requirements, other configurations may also be required by Rel-13 low complexity UEs and UEs in enhanced coverage, for example, SIB13 if eMBMS is used for device triggering and software upgrade, and SIB16 if UE needs to synchronise its clock, etc. This alternative will impose a limitation on the future expansibility of the new SIB(s).
Furthermore, for Rel-13 low complexity UEs in normal coverage, it is still beneficial to support some level of mobility, for example, at least intra-frequency cell reselection, as in the real deployment operators probably would choose to support MTC in the coverage frequency layer. If configuration for intra-frequency cell reselection is not provided by the network, Rel-13 low complexity UEs have to rely on cell selection which has no guaranteed performance requirements (i.e., the performance depends on the UE implementation) and has negative impacts on UE power consumption. To support some level of mobility, contents in e.g. SIB3 and SIB4 also need to be included in the new SIB(s).
Observation 2: The required configurations for Rel-13 low complexity UEs and UEs in enhanced coverage will exceed 1000bits eventually.
3.3 Comparison of Alt 1 and Alt 2

Here we compare Alt 1 and Alt 2 from several aspects, as listed in Table 3. It is obvious that Alt 1 is a reasonable choice compared to Alt 2.
Table 3: Comparison of Alt 1and Alt 2
	
	Alt 1: Reuse existing SIBs and introduce necessary new SIB(s)
	Alt 2: Introduce new SIB(s) without reusing existing SIBs

	Impacts on normal UEs
	Little
	No

	Specification impacts
	Little
	Significant 

	Unnecessary redundant contents
	No
	Yes

	Future extensibility
	Good (easy to add new parameters and/or new SIBs in the future)
	Not good (not easy to add new parameters and/or new SIBs in the future)

	Scheduling flexibility
	Good (SIB periodicity is configurable)
	Not good (SIB periodicity is fixed)


If RAN2 concludes that only the parameters in SIB1/2/14 as well as the new parameters required for narrowband and enhanced coverage operation are deemed necessary for Rel-13 low complexity UEs and UEs in enhanced coverage, then Alt 1 will be more suitable. In this case, eNB only needs to repeat the transmission for SIB 1/2/14 as well as the new SIBx (i.e. the new SIB to accommodate new parameters) and at the same time limit the DL assignment for them to be within 6 PRB, without changing the transmission of other SIBs. 
Proposal 2: Rel-13 low complexity UEs and UEs in enhanced coverage shall read a subset of the existing SIBs (i.e. at least SIB1/2/14), and they shall combine the SIB repetitions in different SI periodicities until the SIB is successfully decoded. New SIB(s) might be defined to accommodate the parameters for narrowband operation and coverage enhancement operation.
Proposal 3: Rel-13 low complexity UEs and UEs in enhanced coverage shall at least support intra-frequency cell reselection.
4 Conclusion

In this contribution, we discussed the SIB design for Rel-13 low complexity UEs and UEs in enhanced coverage share, and we have the following observations:
Observation 1: With the current BCCH modification period, SI-periodicity and SI-window, the eNB could provide sufficient number of repetition opportunities for SIB transmissions to achieve the 15db coverage enhancement target for Rel-13 low complexity UEs.
Observation 2: The required configurations for Rel-13 low complexity UEs and UEs in enhanced coverage will exceed 1000bits eventually.
Then, we have the follow proposals: 
Proposal 1: Design a common solution for enhanced SIB transmission to satisfy all the three cases, i.e. case 1: R13 Low complexity UEs in normal coverage, case 2: normal UEs in enhanced coverage, and case 3: R13 Low complexity UEs in enhanced coverage.
Proposal 2: Rel-13 low complexity UEs and UEs in enhanced coverage shall read a subset of the existing SIBs (i.e. at least SIB1/2/14), and they shall combine the SIB repetitions in different SI periodicities until the SIB is successfully decoded. New SIB(s) might be defined to accommodate the parameters for narrowband operation and coverage enhancement operation.

Proposal 3: Rel-13 low complexity UEs and UEs in enhanced coverage shall at least support intra-frequency cell reselection.
The draft reply LS to [2] is provided in [5].
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6 Appendix
	Table A-1: Size estimation of SIBs required for Rel-13 low complexity UEs and UEs in enhanced coverage
　
	Contents
	Remarks
	Size (bits)
	Total size (bits)

	SIB1
	plmn-IdentityList
	　
	150
	388

	
	Tracking area code;
	　
	16
	

	
	Cell ID;
	　
	28
	

	
	Cell barred;
	　
	1
	

	
	intraFreqReselection
	　
	1
	

	
	CSG indication;
	　
	1
	

	
	CSG identity;
	　
	27
	

	
	Cell selection info
	　
	9
	

	
	P-Max
	　
	6
	

	
	Frequency band indicator;
	　
	6
	

	
	SchedulingInfoList
	This IE may not be needed for Rel-13 MTC and CE.
	　
	

	
	TDD configuration;
	　
	7
	

	
	si-WindowLength
	This IE may not be needed for Rel-13 MTC and CE.
	　
	

	
	systemInfoValueTag
	This IE may not be needed for Rel-13 MTC and CE.
	　
	

	
	MultiBandInfoList
	　
	51
	

	
	freqBandIndicator-v9e0 
	　
	8
	

	
	multiBandInfoList-v9e0
	　
	64
	

	
	cellSelectionInfo-v920
	　
	8
	

	
	TDD-Config-v1130
	　
	1
	

	
	cellAccessRelatedInfo-v12xy
	　
	1
	

	
	cellSelectionInfo-v12xy 
	　
	3
	

	SIB2
	AC barring info
	　
	27
	728

	
	Radio resource configuration common
	Most of the parameters in this IE are still applicable for Rel-13 MTC and CE, however, we may need to change the value range for some of them.
	162
	

	
	ue-TimersAndConstants
	　
	19
	

	
	Frequency info;
	　
	22
	

	
	MBSFN subframe configuration list;
	　
	249
	

	
	Time alignment common;
	　
	3
	

	
	ssac-BarringForMMTEL-Voice-r9
	These IEs may not be needed for Rel-13 MTC and CE.
　

　

　

　

　
	　
	

	
	ssac-BarringForMMTEL-Video-r9
	
	　
	

	
	ac-BarringForCSFB-r10
	
	　
	

	
	ac-BarringSkipForMMTELVoice-r12
	
	　
	

	
	ac-BarringSkipForMMTELVideo-r12
	
	　
	

	
	ac-BarringSkipForSMS-r12
	
	　
	

	
	ac-BarringPerPLMNList-r12
	　
	184
	

	
	multiBandInfoList
	　
	44
	

	
	ul-CarrierFreq-v9e0
	　
	18
	

	SIB14
	EAB parameters;
	　
	　
	79

	
	EAB configuration PLMN;
	　
	
	

	New SIB X for narrowband
(estimation based on how the system works)
	DC location of the downlink common narrowband for paging and RAR or other SIBs
(Depends on how many narrowbands.
19 possible DC locations in a 20MHz carrier)
	　
	5
	12

	
	Frequency location for UL transmissions (maybe optional)
	　
	5
	

	
	CFI indication
	　
	2
	

	New SIB Y for coverage enhancement
(estimation based on how the system works)
	Number of levels and number of repetitions per level for PRACH
	　
	15
	39

	
	Number of levels and number of repetitions per level for PDSCH
	　
	8
	


	
	Number of levels and number of repetitions per level for PUSCH
	　
	8
	

	
	Number of levels and number of repetitions per level for PUCCH
	　
	8
	

	All SIBs
	1246
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