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

Agreements:
· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)

· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported
· Supporting all TDD DL/UL configuration is considered
  In this contribution, we investigate the benefit with PBCH payload reduction for coverage improvement.
2 MIB Payload Reduction for Coverage Extension
In RAN1 #74bis, the working assumption is to keep the same MIB content and can be revisited if significant benefit could be found. The content of MIB block is summarized in Table 1 below as per the current RRC spec [2].

The total size of MIB as observed from Table 1 is 40 bits in the legacy PBCH. It is common understanding that reducing the payload size can bring channel coding gain. From the perspective of performance, it is better to reduce the new PBCH content to MTC UEs instead of reusing the legacy PBCH.
Table 1: MIB Content Transmitted in PBCH
	MIB Content
	No. of bits
	Comment

	dl-Bandwidth
	3
	

	phich-Config
	3
	

	systemFrameNumber
	8
	

	Spare
	10
	Reserved for Future Use

	CRC
	16
	Error Detection with False Detection rate≒2-16


Some IEs may not be necessary for the 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. Besides, 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. Furthermore, 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.

On the other hand, some companies concern about the reduction of the MIB content. For example, if PDCCH decoding need to be supported for the MTC UEs, the DL bandwidth and PHICH configuration may be required. Also, PHICH configuration bits should be provided so that more system flexibility can be provided. The decision of whether or not to reduce 14-bit content may be deeply affected by the decision of the other physical layer procedures. Therefore, we suggest keeping the current 14-bit MIB content as the working assumption and may be revisited after the discussion of the other physical layer procedures.
Next, we discuss the size of spare bits and CRC bits. Per the current spec, 10 spare bits are reserved for future use. Those 10 spare bits have not been used from Rel-8 and keeping the whole 10 spare bit increases the MIB payload significantly. Furthermore, the current 16 CRC bits ensure that the false detection rate is as low as around 2-16=1.5x10-5. Reducing the number of CRC bits can bring some performance gain as the cost of higher false detection rate, which may lead to longer system information acquisition time. However, we believe that reducing the CRC size helps to balance the trade-off between performance gain and false detection rate. 
We investigate the simulation results after the reduction of spare and CRC bits. The payload size after reduction decreases from 40 to (14+y+z) as shown in Table 2. The same channel coding, rate matching, scrambling, modulation, and multiple antenna processing as the legacy PBCH are shown in Fig. 3.
Table 2: Reduced MIB Content Transmitted in PBCH
	MIB Content
	No. of bits
	Comment

	dl-Bandwidth
	3
	Keep as the working assumption

	phich-Config
	3
	Keep as the working assumption

	systemFrameNumber
	8
	Keep as the working assumption

	Spare
	x
	x<10

	CRC
	y
	y <16 and False Detection Rate≒2-y
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Figure 3: The Channel Coding and Modulation of PBCH
        As observed from the simulation results in Fig. 4, the payload reduction did provide significant performance gain. For example, we assume the MIB payload is reduced to 24 bits, which may correspond to x=2 (keeping 2 spare bits for future use) and y=8 (keeping false detection rate around 3.9x10-3). In order to provide similar performance gain as the simple repetition of 40-bit payload legacy PBCH, the required number of transmissions is around half of the number of repetition. If the MIB payload size is further reduced to 16 bits, another 1 dB gain can be observed with the same 5 transmissions.
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Figure 4: Performance comparison with or without MIB payload reduction
3 Conclusion
In this contribution, we investigate the MIB payload reduction and perform simulation to observe the performance gain. We have the following observation and proposal:
Observation #1: MIB payload content reduction provides significant performance gain.
Proposal #1: Keep the current 14-bit MIB content (BW indication, PHICH configuration, SFN) as the working assumption and revisit the working assumption later. Reduce the number of spare and CRC bits of the current 40-bit MIB payload to enhance the performance gain 
References

[1] RAN1 chairman notes, RAN1#74bis, Guangzhou, China, Oct. 7-11, 2013.
[2] TS 36.331 “RRC Specification,” v10.4.0, p. 117
Annex

Table A.1: Simulation Assumption

	Parameter
	Value

	System Bandwidth
	10 MHz

	Frame Structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Frequency error
	100 Hz

	Channel Estimation
	Realistic channel estimation

	Performance target
	1% BLER
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