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1. Introduction 
In RAN1#82 the following is agreed on frequency hopping for MTC-SIB1:

· Confirm working assumption: At least in case the network supports enhanced coverage, frequency hopping for MTC-SIB1 is always used at least system bandwidth >= 5MHz.

· Option A: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell.

· Option B: MTC-SIB1 frequency hopping takes place between 2 or 4 narrowbands as indicated in MIB.

· Working assumption: The mentioned narrowbands are determined based on cell ID and system bandwidth. 

· Working assumption: The hopping sequence between these narrowbands is determined based on cell id and subframe index (and/or SFN).

This contribution discusses the number of narrowbands (i.e. 2 or 4) required for frequency hopping for MTC-SIB1.
2. Discussion
Frequency hopping provides diversity gain which is beneficial especially for operation in deep coverage enhancement since this would reduce the number of repetitions required for a specific channel.  However, frequency hopping introduces complexity for the eNB scheduler, since the scheduler would need to avoid possible collision with other channels that may or may not have frequency hopping.  Generally it is easier to manage a frequency hopping pattern that hops between 2 narrowbands compared to one that hops over 4 narrowbands. 

Although generally a higher order of diversity provides better gain, it is generally understood that the incremental gain becomes less as the amount of frequency diversity increases. Hence a balance is required between the gain and the complexity in managing numerous narrowbands in providing frequency hopping.
In [1], it is found that there is no difference in performance when PDSCH is hopped over 2 narrowbands vs. 4 narrowbands at the 10% BLER point.  We performed simulations  accordingto the simulation assumptions in the Appendix.  Similar to evaluation in [1], the narrowbands are spread as wide apart and uniformally across the 10 MHz system bandwidth, i.e. for the 2 narrowbands case, the narrowbands are at the edge of the system bandwidth and for 4 the narrowbands case, the two of narrowbands are at the opposite edges of the system bandwidth and the remaining two are placed such that the separations are equal distance.

Table 1: PDSCH SNR performance at 10% BLER

	Number of PDSCH repetitions
	64
	128

	2 narrowbands 
	-11.4
	-12.8

	4 narrowbands
	-11.8
	-13

	Performance difference
	0.4
	0.2


We evaluated for medium to large repetition scenario, i.e. 64 and 128 repetitions since these are the scenario where the reduction in number of repetitions is most beneficial.  The results at 10% BLER are summarised in Table 1.  It can be observed that although some gains are observed when using 4 narrowbands, they are not significant enough to justify the added complexity in hopping over 4 narrowbands.  Therefore it is sufficient to use only 2 narrowbands for frequency hopping.

Proposal 1: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell
3. Conclusion

In this contribution we evaluated performance of MTC-SIB1 frequency hopping over 2 narrowbands or 4 narrowbands. Based on the results of the evaluation we propose the following:
Proposal 1: MTC-SIB1 frequency hopping takes place between 2 narrowbands in the cell
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5. Appendix

Simulation assumption on PDSCH frequency hopping.
	Parameters
	Value

	Number of antennas
	2×1 with low correlation

	Transmission mode
	2

	Number of UE 
	1

	Number of repetition
	64, 128

	Channel model
	EPA 1 Hz

	Frame format
	PDSCH 6 RBs

	MCS
	MCS 0

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Residual frequency offset
	Constant: 20 Hz

	Channel estimation
	CRS-based channel estimation averaged over 4-subframe


