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1
Introduction
In our previous contribution [2], we evaluated PUSCH coverage enhancement techniques in terms of the number of repetitions required to achieve 10% block error rate for the initial HARQ transmission (iBLER). However, the carrier frequency offset was reported to be 100 Hz when in fact it had been compensated to 0 Hz. Here we provide updated simulation results after making relevant changes in the simulation parameters. Also, for the simulations in our earlier contributions [2][3] we used four antenna ports whereas we now use two. These simulations use the parameter assumptions in [1].
2 Updated simulation results

2.1   PUSCH baseline

In this section, we evaluate the SINR (dB) at which 10% iBLER is obtained for single transport block transmission. This corresponds to a coverage enhancement (CE) of 0 dB (i.e. no enhancement). We assume single-subframe channel estimation based on the demodulation reference signals (DMRS) within each subframe.

Table 1: Baseline SINR for 10% iBLER
	MCS
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	TBS (bits) 1 PRB
	16
	24
	32
	40
	56
	72
	328
	104
	120
	136
	144

	SINR (dB) at 10% iBLER
	-1.4
	-0.9
	-0.4
	0
	1.3
	2.2
	-
	3.9
	4.2
	4.5
	4.8


2.2 Coverage enhancement techniques

Here we present updated PUSCH simulation results at different coverage enhancement levels. The frequency offset is assumed to be 0 Hz. The repetitions required for 10% iBLER when various CE techniques are employed are summarized in Table 2 below.
Table 2: Number of repetitions for different coverage enhancement levels (frequency offset = 0 Hz)
	 
	Coverage Enhancement Technique ↓
	Coverage Enhancement (dB)
	6 dB
	12 dB
	18 dB

	
	
	Cross-SF estimation →
	1 SF
	4 SF
	8 SF
	1 SF
	4 SF
	8 SF
	1 SF
	4 SF
	8 SF

	1
	None
	 
	6
	4
	4
	42
	22
	23
	340
	127
	101

	2
	DMRS Density
	2X
	5
	4
	4
	34
	22
	22
	236
	117
	84

	
	
	4X
	7
	7
	6
	40
	34
	26
	232
	142
	107

	3
	Frequency Hop (50 PRB)
	8 SF interval
	6
	4
	4
	20
	14
	14
	185
	87
	95


Observation 1 Cross-subframe channel estimation can provide significant coverage gains for a small enough residual frequency offset.
Observation 2 Frequency hopping across the system bandwidth provides significant coverage gains. However, the frequency hopping interval should be large enough to ensure maximum gains from cross-subframe channel estimation.
Observation 3 Doubling the DMRS density can reduce the number of required repetitions, especially at high coverage enhancement levels.
We analyzed the impact of carrier frequency offset on cross-subframe channel estimation, which is discussed in the accompanying contribution [3]. We observe a frequency offset of 100 Hz has a large impact on cross-subframe channel estimation in case the filtering is based on channel estimates from the preceding subframes. This is because in presence of a frequency offset, the phase of the effective channel varies over the subframes and the filtering is not coherent. The effect of frequency offset may be mitigated in several ways including parameter estimation techniques and improved filtering. However, the residual frequency error at different coverage enhancement levels is yet to be determined.

3 Conclusions
Based on the simulation results in previous section, we make the following observations:
Observation 1 Cross-subframe channel estimation can provide significant coverage gains for a small enough residual frequency offset.
Observation 2 Frequency hopping across the system bandwidth provides significant coverage gains. However, the frequency hopping interval should be large enough to ensure maximum gains from cross-subframe channel estimation.
Observation 3 Doubling the DMRS density can reduce the number of required repetitions, especially at high coverage enhancement levels
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