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1. Introduction


In RAN1 #78bis meeting [1], the following observations were discussed for link simulations of MTC.
Observations: 

· PDSCH/PUSCH/PRACH/control channel link performance study of the impact of the following aspects can be used to analyze the fulfillment of the coverage and power consumption objectives in normal and enhanced coverage (at normal and low SNR).
· With/without increasing PDSCH/PUSCH/control channel DMRS density
· With/without PDSCH/PUSCH/PRACH/control channel frequency hopping
· PUSCH/PRACH/control channel sensitivity to phase discontinuity
· With/without Uplink PSD boosting with smaller granularity than 1 PRB

· PUSCH capacity analysis/results would also be useful.
This contribution provides the impact of DMRS density and frequency hopping on PUSCH coverage enhancement and power consumption reduction. 
2. Discussion 

The coverage enhancement target for PUSCH can be achieved by repetition using TTI bundling and HARQ. In addition, increasing DMRS density and frequency hopping can reduce the number of repetitions to achieve the coverage target. 
· 2.1 PUSCH Frequency hopping
PUSCH frequency hopping can be used during repetition in order to make additional coverage gain. We take account of frequency hopping within the configured system bandwidth (6PRBs) for MTC PUSCH. 
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Figure 1 PUSCH frequency hopping
· 2.2 Increasing DMRS density
In this contribution, DMRS symbols for PUSCH are allocated for l=1 and l=5 for normal CP. The DMRS density is increased to 4 symbols/subframe. The increased DMRS symbols improve the channel estimation performance while the reduced data symbols degrade the coding gain due to the increased coding rate. Furthermore, the increased DMRS density can reduce the number of repetitions so that it can reduce power consumption especially in enhanced coverage (in low SINR). In addition, multi-subframe channel estimation scheme can make additional coverage gain. 
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Figure 2 DMRS design for MTC PUSCH
3. Simulation Results

PUSCH link performance is analysed to study the fulfilment of the coverage enhancement and power consumption objectives according to different coverage enhancement solutions and different MCS [2]. The evaluation assumptions for PUSCH link simulation are shown in Table 1. This contribution provides evaluation results from only single-subframe channel estimation.
Table 1 Simulation assumptions for PUSCH in FDD mode

	Parameters
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	Antenna configuration
	1x2

	Channel model
	EPA

	Doppler spread
	1Hz

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Single-subframe Channel Estimation

	Minimum coverage gain
	15dB

	Modulation
	QPSK

	MCS
	0, 2, 9


Figure 3 illustrates the link performance of PUSCH with/without increasing DMRS density in normal and enhanced coverage. The normal coverage corresponds to the achieved SINR from one transmission of PUSCH. The enhanced coverage corresponds to the minimum coverage gain relative to the achieved SINR in normal coverage. 
PUSCH with 4 DMRS symbols per subframe obtains additional coverage gain of 0.5 dB for MCS 0 using single-subframe channel estimation scheme, so that the number of repetitions can be reduced from 78 to 63. More coverage gain can be achieved when the multi-subframe channel estimation is used with the increased DMRS density.
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Figure 3 PUSCH link Performance in normal and enhanced coverage
Table 2 shows the estimated number of repetitions for PUSCH coverage enhancement according to different coverage enhancement techniques and different MCS. It is assumed that the minimum coverage gain is 15dB relative to the achieved SINR in normal coverage. 
With doubled DMRS density, the number of repetitions for MCS0 and MCS2 is reduced by 27% in enhanced coverage. With doubled DMRS density, the number of repetitions for MCS9 is reduced by 18% in enhanced coverage. With PUSCH frequency hopping, the number of repetitions is reduced by 7-10% in enhanced coverage. 

In this contribution, the increased DMRS requires less number of repetitions than PUSCH frequency hopping. However, the reduced number of repetitions with a certain coverage enhancement solution may be variable according to a selected channel estimation scheme or a channel model. 

Table 2 Number of repetitions for PUSCH coverage enhancement
	MCS
	0
	2
	9

	PUSCH without increasing DMRS density
	119
	175
	439

	PUSCH with increasing DMRS density
	87(27%)
	127(27%)
	359(18%)

	PUSCH with frequency hopping
	107(10%)
	163(7%)
	399(9%)


4. Conclusion
This contribution evaluates PUSCH link performance for coverage enhancement and low power consumption with increasing DMRS density and frequency hopping. 
Observation 1: Increasing DMRS density in time domain can reduce the number of repetitions for MTC PUSCH.

Observation 2: PUSCH frequency hopping can reduce the number of repetitions for MTC PUSCH.

Proposal 1: DMRS symbols for MTC PUSCH are allocated for l=1 and l=5 for normal CP, and l=1 and l=4 for extended CP in enhanced coverage (in low SINR).
Proposal 2: Frequency hopping for MTC PUSCH is used in enhanced coverage (in low SINR).
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