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1
Introduction
During LC-MTC SI phase, PBCH coverage enhancement techniques were studied and followings have been captured in TR 36.888 as a potential solution for PBCH coverage enhancement:

1.  A combination of repetition of the current PBCH in subframe #0 of a radio frame onto every subframe of that radio frame  (i.e., a new PBCH structure) and PSD boosting (e.g., 4 dB) within 40 ms (for FDD systems)
· The repetition alone cannot meet the coverage target for the current PBCH where MIB changes every 40ms due to SFN update (e.g., as many as 36~95 repetitions of the current PBCH in a radio frame are needed).
2. A new PBCH design (for TDD and FDD systems)
· A new design can consider techniques such as: a longer period, reduced legacy MIB content, intermittent transmission. Repetitions and/or PSD boosting may be helpful for new design in order to meet the coverage target.
· Also other system information that is required to be broadcasted to enhanced coverage MTC UEs beside MIB contents can be considered in the new PBCH design.
· Other low rate coding schemes or spreading can be considered for new design.
3. A complementary PBCH decoding technique (e.g., correlation decoder or reduced search space decoder).
In addition, in RAN1 #74 meeting, the PBCH coverage enhancement issue was discussed and followings were agreed as an outcome [1]:
Agreements:

· 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
Although some progress made during RAN1 #74 meeting, there are still lot of open issues for the PBCH coverage enhancement technique. Therefore, in this contribution, we discuss on some further details of PBCH coverage enhancement technique.
2
Discussion
It has been agreed that 4dB additional loss will be assumed for single Rx antenna at LC-MTC UE. Therefore, 10.7dB coverage enhancement is required for PBCH since the required coverage enhancement was 6.7dB with two Rx antennas from the coverage analysis in TR 36.888.
The candidate technqiues for PBCH coverage enhancement have been discussed from study item phase including repetition, PSD boosting, reduced MIB contents, and longer period of PBCH transmission. Since the coverage limited LC-MTC UE may be coexisted with normal LTE UE, the overhead from repeated PBCH became an issue so that intermittent repetition and PSD boosting of PBCH was agreed in the previous RAN1 meeting. However, the overhead from PBCH repetition could be still significant according to the configuration and/or repetition method.
The legacy PBCH is transmitted in the first 4 OFDM symbols in the second slot in every subframe 0, therefore if the repetition of PBCH is the same location (i.e. the first 4 OFDM symbol in the second slot) in subframes other than subframe 0 and 5, the PDSCH resources within the center 6 PRBs that are not occupied by PBCH may be wasted since it couldn’t be used for PDSCH transmission at least for legacy UE and/or regular LTE UE. Therefore, in order not to waste PDSCH resources, it may be better to allow multiple repetitions of PBCH in one subframe.
Assuming that two OFDM symbols are used for PDCCH in a subframe, approximately 3 repetitions are possible in one subframe. Therefore, the PDSCH resource waste may be reduced by 1/3. The table 1 shows the gain from repetition according the number of additional subframe for repetition in which one subframe is equivalent to 3 repetitions. As seen in the table, 5 additiona subframes for PBCH repetition in one radio frame may achieve almost 6.5dB gain without power boosting of PBCH and CRS.
Table 1. Required SNR to achieve 1% BLER according to the number of subframe used for repetition.
	
	Legacy
	1 subframe

(~ 3x)
	2 subframe

(~ 6x)
	3 subframe

(~ 9x)
	4 subframe

(~ 13x)
	5 subframe

(16x)

	Required SNR (dB) at 1% BLER
	-6.6
	-8.7
	-10.4
	-11.4
	-12.5
	-13


Proposal-1: multiple PBCH repetition should be possible within one subframe

The overhead from PBCH repetition may be further reduced by allowing smaller MIB contents for low-cost MTC UE and the smaller MIB contents may be transmitted only in the subframe used for PBCH repetition. Given that there are 10 unused bits in MIB contents, 14 bits payload size may be used without losing any information for LC-MTC UE. Assuming that smaller CRC such as 8bit CRC is used for MIB contents for LC-MTC UE, total 22 bits can be transmitted as LC-MTC specific MIB. Since it increases coding gain also energy per information bit, the coverage of the PBCH can be improved even though the LC-MTC UE does not decode legacy PBCH together. The table 2 shows the coverage gain from the reduced MIB size according to the number of subframe used for PBCH repetition.
As seen in the table 2, roughly 3dB gain can be achieved from the reduced PBCH payload size even though legacy PBCH is not integrated at the receiver. Although it should be further studied how to reduce PBCH payload size without adverse impact to LC-MTC UEs, it seems to be worthwhile to consider the reduced PBCH payload size in order to minimize PDSCH resource waste due to larger number of PBCH repetitions.

Table 2. Required SNR to achieve 1% BLER according to the number of subframe and PBCH payload size.

	
	1 subframe

(~ 3x)
	3 subframe

(~ 9x)
	5 subframe

(16x)

	PBCH payload size
	40
	22
	40
	22
	40
	22

	Required SNR (dB) at 1% BLER
	-8.7
	-11
	-11.4
	-14.8
	-13
	-16.5


Proposal-2: reduced PBCH payload size is supported
3
Conclusion
In this contribution, we discuss on the PBCH coverage enhancement especially for the overhead reduction of PBCH repetitions. From the discussions and simulation results, we can conclude as follows:
Proposal-1: multiple PBCH repetition should be possible within one subframe

Proposal-2: reduced PBCH payload size is supported
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Appendix
Table 3. Evaluation assumptions

	Parameter
	Setting

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic

	Doppler spread
	1Hz

	Performance target
	1% BLER


