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1
Introduction
In RAN1 #79, it has been agreed that the Rel-12 agreements for PBCH coverage enhancement are reused [1]. For further progress, two following issues need to be addressed to move forward:

· PBCH repetition option (narrow down options)

· PBCH contents (legacy MIB or reduced MIB)

In this contribution, we discuss on the abovementioned issues for further progress on the PBCH coverage enhancement for MTC UE.
2
Discussion
It has been discussed that whether the compact PBCH (i.e. new PBCH) may provide better coverage when repetition is used as compared with that for reusing legacy PBCH. This issues has been raised because the new PBCH may not be able to accumulate the legacy PBCH as a part of repetition, although it has reduced payload size, the coverage may be worse than that for reusing legacy PBCH. This may be the case if the number of repetitions is a relatively small number.

Since the PHICH configuration, downlink bandwidth, and spare bits are not necessary for MTC UE at the beginning, the new PBCH may only contain SFN number (8 bits) and CRC (16 bits), resulting in 24 bits payload size which is almost half of legacy PBCH having 40 bits payload size. Therefore, as long as the resources for PBCH repetition is larger than a certain number, the new PBCH might provide better coverage which may be translated into shorter acquisition time, resulting in less power consumption as well. Therefore, the use of new PBCH or legacy PBCH should be determined together with the repetition option.

Proposal-1: the use of new PBCH or legacy PBCH should be determined together with the repetition option. 

In Rel-12, 4 repetition options agreed and the options may use up to 4 subframes within a radio frame for the repetitions which may allow the common PBCH coverage enhancement solution for TDD and FDD. It has been also agreed that the repetitions will be within 40ms as the SFN number updates every 40ms cycle. The followings are the 4 options for PBCH repetitions:  
· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames

In the figure 1, based on the repetition options mentioned above, the coverage enhancement gain of legacy PBCH and new PBCH are evaluated, where the same amount of resources are used for both new PBCH (24bits) and legacy PBCH (40bits).

Figure 1. The performance legacy PBCH and new PBCH according to the repetition options.
As shown in the figure, both legacy PBCH and new PBCH showed almost the same performance with the option 1 as the resources for PBCH repetition are limited to the subframe #0. On the other hand, the new PBCH outperforms with all other options as the repetition number gets increased.
Observation-1: the new PBCH provides better coverage in repetition options 2, 3, 4 and marginal difference with repetition option 1.

The table 1 shows the MIB acquisition delay at -11.7dB and -14.2dB with keep trying method for legacy PBCH and new PBCH according to the repetition options. As shown in the table, the legacy PBCH showed a slightly shorter delay with option-1 in terms of mean delay. However, the new PBCH provides much shorter delay in all other case and the benefit seems to be even more significant in terms of maximum detection delay.
Table 1. The detection delay (ms) of legacy PBCH and new PBCH according to the repetition options
	
	Detection Period (ms) @ -11.7 dB

	
	Mean
	Max
	Std. Dev.

	Legacy (40bits)
	80.18
	3840
	177.88

	Option-1
	40 bits
	55.14
	1280
	67.08

	
	24 bits
	54.85
	1200
	63.29

	Option-2
	40 bits
	49.4
	800
	46.35

	
	24 bits
	47.37
	840
	37.62

	Option-3
	40 bits
	45.9
	720
	33.12

	
	24 bits
	44
	360
	23.76

	Option-4
	40 bits
	42.52
	360
	18.05

	
	24 bits
	41.58
	280
	12.61

	
	Detection Period (ms) @ -14.2 dB

	
	Mean
	Max
	Std. Dev.

	Legacy (40bits)
	148.65
	13160
	596.52

	Option-1
	40 bits
	80.89
	3040
	171.48

	
	24 bits
	79.15
	3040
	152.95

	Option-2
	40 bits
	65.07
	2360
	109.19

	
	24 bits
	59.5
	1760
	79.91

	Option-3
	40 bits
	56.07
	1760
	71.59

	
	24 bits
	51.13
	840
	48.68

	Option-4
	40 bits
	47.25
	760
	38.49

	
	24 bits
	44.5
	480
	26.01


Observation-2: the new PBCH provides shorter detection delay with keep trying method in repetition options 2, 3, 4 and marginal difference in repetition option 1.

From the observations 1 and 2, the benefit of new PBCH seems to be clear with the repetition options 2, 3, and 4 as it can provide better coverage and/or shorter detection delay with keeping trying method. In addition, it is also observed that the option-1 requires relatively large detection delay, thus consuming more UE battery. Given that, a UE need to receive PBCH in RRC idle frequently to keep the SFN due to the time drift, it seems to be important to keep the detection delay in a reasonable number. In that sense, the option-3 or the option-4 seems to be a proper choice.

Proposal-2: new PBCH (24 bits) is used with the option-3 or the option-4.  
3
Conclusion
In this contribution, we discussed on the PBCH repetition options and MIB contents for MTC UE. From the discussions and observations, we propose followings:
Proposal-1: the use of new PBCH or legacy PBCH should be determined together with the repetition option.
Proposal-2: new PBCH (24 bits) is used with the option-3 or the option-4.  
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Annex
Table 2. Simulation assumptions

	Parameter
	Setting

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic

	Doppler spread
	1Hz

	Performance target
	1% BLER


