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1
Introduction

One of the objectives within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [1] is to specify 15 dB coverage enhancement (CE) for delay-tolerant MTC applications. Additionally, the maximum transmit power of a low-complexity (LC) UE might be constrained for cost/complexity gains. Therefore it was proposed to target an overall CE level of 18 dB when the maximum MTC transmit power is 20 dBm or lower. PUSCH has been identified as the coverage-limiting channel in TR 36.888 [2].

The fundamental CE technique is multiple repetitions of the same information over contiguous subframes, also called bundling. In the MTC scenario the UE is assumed to be slow-moving, implying that the radio channel also varies slowly with time. Therefore in case of bundling, it is possible to filter the estimated channel over multiple subframes. We evaluate a cross-subframe (SF) channel estimation filter in the uplink based on sliding averages in this contribution.

2
Discussion

Cross-SF channel estimation is a useful technique to improve the CE gains from bundling. However, the carrier frequency is usually not perfectly synchronized between the eNodeB and the UE, i.e. there exists a frequency offset. This frequency offset causes the channel estimates from contiguous subframes to differ in phase, limiting the gains achieved from filtering. Here we evaluate the impact of frequency offset of 100 Hz on cross-subframe channel estimation. We assume filtered with the channel estimates in previous few subframes using a moving average filter is assumed. The simulation assumptions used are specified in [4].
In an earlier contribution [3], we discussed the impact of frequency offset on cross-SF channel estimation when a sliding average filter is used. We noted that it is possible to mitigate the effect of frequency offset by using a sliding window centered on the current subframe (Figure 1). In this case the phase offsets of channel estimates in preceding and subsequent subframes compensate each other, providing a better filtered channel estimate.
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Figure 1: Sliding average channel estimation based on a window centred on the current subframe (window size M=5)
The simulation results are shown in Table 1. The upper bound on cross-SF channel estimation is obtained with a frequency offset of 0 Hz. We evaluate realistic cross-SF gains in presence of a frequency offset of 100 Hz as well. Two estimation filters are considered:

1. Filtering of channel estimates with estimates from previous subframes (no buffering). Here the sliding window of size M spans current subframe and previous M-1 subframes.

2. Filtering of channel estimates with estimates from subframes preceding and following the current subframe (buffering of subframes). Here the sliding window of size M spans an equal number of subframes preceding and following the current subframe.

Table 1: Effect of frequency offset on cross-SF channel est based on moving averages
	Coverage Enhancement (dB)
	Cross-SF channel est
	Freq Offset
0 Hz
	Freq Offset 100 Hz

	
	
	
	Filtering with prev subframes (no buffering)
	Filtering with preceding and following subframes (buffering) 

	6
	1 SF
	6
	6
	6

	
	4 SF
	4
	12
	6

	12
	1 SF
	42
	42
	42

	
	4 SF
	22
	56
	26

	18
	1 SF
	340
	340
	340

	
	4 SF
	127
	480
	166


Observation 1 Carrier frequency offset between the UE and the eNodeB can degrade the cross-subframe channel estimation gains
Observation 2 Impact frequency offset on cross-subframe channel estimation can be significantly mitigated with a sliding window centered on current subframe (requiring subframe buffering)
3
Conclusions

Based on the discussion above, we observe that
Observation 1 Carrier frequency offset between the UE and the eNodeB can degrade the cross-subframe channel estimation
Observation 2 Impact frequency offset on cross-subframe channel estimation can be significantly mitigated with a sliding window centered on current subframe (requiring subframe buffering)
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