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1 Introduction
In RAN1 #74, agreements for PBCH coverage improvement are listed below [1]:

· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB

· Can also consider 4dB loss for other downlink channels when needed

· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss 
· UE behavior, impact on UE power consumption, and configurability are FFS

· Introducing new PBCH is FFS
  In this contribution, we share our view for the need of MIB content reduction and show the possible PBCH coverage improvement by MIB content reduction.
2 MIB Content Reduction
The content of MIB block is summarized in Table 1 below. As per the current RRC spec [2], some MIB content, such as 10 spare bits, may be known prior to PBCH decoding.
Table 1: MIB Content Transmitted in PBCH
	MIB Content
	No. of bits
	Frequency of Change

	dl-Bandwidth
	3
	Infrequently

	phich-Config
	3
	Infrequently

	systemFrameNumber
	8
	Change every 40 ms

	Spare
	10
	set to zero by the current RRC spec (see section 8.4 of [2])


Furthermore, some IEs are identified not to be necessary for MTC UEs. For example, the IE phich-Config specifies the PHICH configuration and help UEs to be able to find the PDCCH starting position in the subframe control region. The current HARQ procedure is challenging for the MTC UE and repetition of PDCCH for the coverage enhancement may not be feasible. Therefore, by changing HARQ procedure and applying EPDCCH based solution, the IE phich-Config may not be required by the MTC UEs.

Proposal #1: By changing HARQ procedure and applying EPDCCH based solution for MTC UEs, the IE phich-Config may be reduced from the MIB content.
On the other hand, the IE dl-Bandwidth may or may not be required by the MTC UE depending on the bandwidth supported by the MTC UEs and any modification of the paging procedure MTC UE. Finally, the systemFrameNumber IE is required. However, if PBCH period for more than 40 ms is required, the number of SFN bits may be reduced. For example, reducing SFN to 7 MSB bits allows 80 ms periodicity. The number of SFN bit for MTC UE in need of coverage enhancement is FFS.
Proposal #2: The reduction of dl-Bandwidth and systemFrameNumber IEs depends on the supported bandwidth, paging procedure, as well as the PBCH periodicity.
The standard effort required for MIB content reduction should be reasonable. After the identification of required IEs and possibly modification SFN bit number, RAN2 work is required for the definition of MIB content for the coverage enhancement UE. The detailed transmission structure can then be decided in RAN1.
3 Coverage Enhancement by Content Reduction

After MIB content reduction, the uncertainty part of the MIB content reduces. It is obvious that some performance gain can be observed after MIB content reduction. 
In [3], PBCH decoding techniques [4][5] are identified as complementary techniques for PBCH coverage enhancement. We investigate the benefit of reducing MIB content with the reduced search space decoding technique [4]. 

To be specific, we assume that the MIB content is reduced to U bits. The other (24- U) bits are set to 0. The whole 24-bit block is then channel coded, modulated and transmitted as the legacy procedure. In the receiver side, the reduced search space decoding technique targets to search for the optimal result among those 2U candidates.

In Table 2, we show the potential performance gain provided by the MIB content reduction and the reduced search space decoder. For example, if the MIB content is reduced to 8 bits, as much as 6.9 dB gain can be observed without repetition or PSD boosting. 

With realistic channel estimation, the accuracy of channel estimation did affect the performance gain. However, we still observe about 5.6 dB gain for 8-bit reduced MIB content under realistic channel estimation. Notably, the reduction of the MIB content also significantly reduces the decoding complexity of the reduced search space decoding.

Table 2: Performance Gain of Reduced Search Space Decoder for Reduced MIB Content (Perfect Channel Estimation)
	Reduced MIB Content 

U (bits)
	14
	12
	10
	8
	6

	Performance Gain Compared with Legacy PBCH Receiver (dB)
	4.6
	5.4
	6.3
	6.9
	7.8


Observation #1: MIB content reduction provides significant performance gain and complexity reduction for reduced search space decoding technique. The number of repetition and the amount of PSD boosting can be reduced to achieve coverage enhancement target.
4 Conclusion
In this contribution, we discuss the MIB content reduction and investigate the potential performance gain and have the following observation:

Proposal #1: By changing HARQ procedure and applying EPDCCH based solution for MTC UEs, the IE phich-Config may be reduced from the MIB content.
Proposal #2: The reduction of dl-Bandwidth and systemFrameNumber IEs depends on the supported bandwidth, paging procedure, as well as the PBCH periodicity.
Observation #1: MIB content reduction provides significant performance gain and complexity reduction for reduced search space decoding technique. The number of repetition and the amount of PSD boosting can be reduced to achieve coverage enhancement target.
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Annex

Table A.1: Simulation Assumption

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Modulation Mode
	QPSK

	Channel Estimation
	Perfect or realistic channel estimation

	Performance target
	1% miss probability


