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1. Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. The principal complexity reduction steps that are expected to be taken in RAN1 are:

· Single receive antenna operation at UE;

· Reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel; and

· Reduction of maximum supported TBS to 1000 bits in DL and UL.

This contribution discusses PBCH coverage needs with single receive antenna operation at the UE.
2.
Discussion
In Table 1, we show results for the PBCH coverage loss due to the UE having one receive antenna instead of two. Channel estimation is across the central 6 RBs only in this case. It can be seen that across a range of dispersion and mobility levels the loss is between 3.0 dB and 5.0 dB. The channels with higher mobility or dispersion have smaller losses because some of the diversity lost with the receive antenna is replaced by higher time/frequency diversity in the radio channel.
Since PBCH must reach all UEs in the cell, including low-complexity UEs which are in poor coverage, additional coverage extension is needed. The SI phase concluded that a combination of PSD boosting and repetition would address the coverage target for PBCH. Considering PSD boosting by unloading sufficient RBs in the PBCH subframes as previously discussed in [3], [4], Table 1 shows how much of the coverage loss can be replaced by PSD boosting alone in a 10 MHz system bandwidth. In the ePA5 channel, unloading all but the central 6 RBs of a 10 MHz bandwidth can make good the coverage lost by removing a receive antenna. Then, considering the numbers of required repetitions reported in 
TR 36.888 and e.g. [2], the cell coverage extension target of 15 dB, equivalent to PBCH extension of 6.7 dB, can be reached with 24 subframe repetitions, which clearly fits within the 40 ms MIB lifetime.
	Channel model
	Coverage loss

2 RX → 1 RX
	Coverage gain at PSD boost level
	PSD boost level to 

restore 2 RX coverage 

	
	
	3 dB
	6 dB
	9 dB
	

	ePA 5Hz
	-5.0 dB
	+1.8 dB
	+3.5 dB
	+4.9 dB
	9 dB

	eVA 5 Hz
	-3.8 dB
	+1.7 dB
	+3.0 dB
	+4.5 dB
	8.1 dB

	eVA 30 Hz
	-3.0 dB
	+1.8 dB
	+3.4 dB
	+4.9 dB
	5.4 dB


Table 1: PBCH coverage loss from having 1 RX antenna, and PSD boosting coverage gains.
In the other radio channel models considered in Table 1, PSD boosting of less than the maximum possible in a 10 MHz system is sufficient to restore PBCH coverage to the two receive antenna level. In wider system bandwidths, there is more PSD boosting available. In both cases, some further PSD boosting can be applied for coverage extension, which will reduce the required repetitions and help ensure the MIB can be decoded successfully within 40 ms.
3.
Conclusions
We have shown simulation results to establish the coverage extension requirements on PBCH when the UE has only one receive antenna instead of two. It was seen that:
· Additional PBCH coverage extension of up to 5.0 dB is needed, depending on radio channel dispersion and UE mobility.
· PSD boosting alone is able to provide the additional PBCH coverage, and therefore repetition can be used to meet the overall 15 dB cell coverage extension requirement within the 40 ms lifetime of the MIB.

· Further PSD boosting may still be possible and will reduce the number of repetitions needed.
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