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1 Introduction
In the approved WI on further LTE enhancements for MTC in Release 13 [1] detailed objectives including power consumption reduction are specified. This Tdoc investigates enhancements beyond simple repetition for PUSCH channel coverage enhancement for UE power saving reduction. The following enhancements were studies.
1. Repetition (baseline)
2. Channel estimation averaging over multiple subframes

3. Increasing the DMRS density
4. PSD boosting by using fewer than 12 subcarriers in one PRB

2 Simulation results
This section contains simulation results for a variety of techniques that could enhance coverage for PUSCH to achieve an 18dB improvement (assumes 20dBm UE PA). To make equivalent comparisons, in each case, 40 bits (including CRC) are transmitted using MCS=0 at +20dBm. 
2.1 Repetition Baseline
The following plot shows iBLER vs SNR for 1 repetition and for 256 repetitions (no multi-SF channel estimation):
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Plot 1: Comparison of 1 repetition and 256 repetitions
The baseline SNR is 1.2 dB thus the target coverage enhancement SNR is -16.8 dB.

It can be seen that the improvement in coverage going from 1 repetition to 256 repetitions is about 15.5dB. This implies much more than 256 repetitions are needed in order to achieve 18dB if no other PUSCH enhancements are used.
Observation 1: Using only repetition, much more than 256 repetitions are required to achieve 18 dB of coverage enhancement.

2.2 Multiple subframe channel estimation averaging

The following plot compares 1, 3, and 9 subframe channel estimation averaging.  256 repeats are used for all curves.
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[image: image2]
Plot 2: 256 repeats with subframe ch. est. averaging of  1, 3 and 9 subframes

It can be seen that 3 subframe channel estimation averaging improves coverage by ½ dB and 9 subframe averaging improves coverage by 3dB. 

Observation 2: Multi-SF channel estimation averaging can reduce the number of required repetitions by ½ and is thus very effective power saving enhancement.
Proposal 1: RAN1 should send an LS to RAN4 specifying the benefit of multi-subframe channel estimation and asking what the maximum number of subframes the eNB can average channel estimation over.
2.3 Increasing DMRS Density
The following plot compares legacy DMRS density with 2x and 4x DMRS densities. Subframe ch. Est. averaging of 9 is used for all curves. Simulation results for both 256 repeats and 128 repeats are shown.
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Plot 3: Comparisons of 1x, 2x and 4x DMRS density for 256 and 128 repetitions.

These results show that DMRS doubling gives a coverage gain of about 1dB. More than double the number of DMRS provides no more gain.  
Observation 3: Doubling DMRS density reduces the number of repetitions required by 1 dB. .
Proposal 2: RAN 1 should consider doubling DMRS density for PUSCH coverage enhancement and UE power saving.

2.4 Narrow band transmission (or PSD Boosting)
If a UE could transmit it’s allowed +20dBm over fewer subcarriers than the 12 within a PRB, it could apply more power to each subcarrier to achieve a power boost effect. For example, if transmitting 12 subcarriers, there would be no boost (0dB) but transmitting only 6 subcarriers the power boost on the individual subcarriers could be 3dB.  The following table shows how each configuration shown in the plot is generated:
	Number of subcarriers
	Power boost (dB)
	Repetitions
	Payload data (bits)
	Total transmit duration (subframes)

	12
	0
	
	
	

	6
	3
	
	
	

	4
	4.8
	
	
	

	2
	7.8
	12
	40
	72

	1
	10.8
	6
	40
	72


The following plot takes the cases of 128 and 256 repeats with 9 subframe averaging and 2x DMRS and compares with two cases with narrow band operation (1 and 2 subcarriers). In the case of 1 subcarrier, there is an 10.8 PSD boost and 6 repetitions are used. For the case of 7.8dB, two subcarriers are used with 12 repetitions. In both cases, the transmission duration is 72 subframes. Subframe averaging over 9 subframes and double DMRS are also used for these configurations to make the comparison fair. For clarity the parameters of these two scenarios are highlighted in the table above.
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Plot 4: Comparison of the effects of narrow band transmission for “PSD boosting”
As seen above, using 2 subcarriers instead of 12, the transmit duration can be reduced from 128 to 72 subframes with no loss of coverage gain.
As seen above, using 1 subcarrier instead of 12, the transmit duration can be reduced from 256 to 72 subframes with no loss of coverage gain.
Observation 4: Narrow band transmission provides a significant reduction in the transmission time and thus UE power consumption.

Proposal 3: RAN1 should specify UE PUSCH transmission in one subcarrier per PRB and consider UE PUSCH transmissions in 2, 4, and 6 subcarriers per PRB as well.

Peak-to-average power reduction
If only one subcarrier is used there is also a potential to take advantage of a lower peak-to-average ratio of the transmission when compared with multi-subcarrier transmission. This can be used to operate a transmitter power amplifier with a lower back-off, closer to its peak. Such an amplifier can use less power and provide more power saving to a UE.

Observation 5: Single subcarrier transmission can yield further UE power savings due to a reduction in the peak-to-average ratio.

3 Summary
In this contribution we have shown how to reduce UE power consumption in coverage enhancement when compared to repetition alone by employing a combination of additional techniques.
Observation 1: Using only repetition, much more than 256 repetitions are required to achieve 18 dB of coverage enhancement.

Observation 2: Multi-SF channel estimation averaging can reduce the number of required repetitions by ½ and is thus very effective power saving enhancement.
Observation 3: Doubling DMRS density reduces the number of repetitions required by 1 dB. .

Observation 4: Narrow band transmission provides a significant reduction in the transmission time and thus UE power consumption to achieve 18dB coverage improvement.

Observation 5: Single subcarrier transmission can yield further UE power savings due to a reduction in the peak-to-average ratio.

4 Conclusions
Proposal 1: RAN1 should send LS to RAN4 specifying the benefit of multi-subframe channel estimation and asking what the maximum number of subframes the eNB can average channel estimation over.
Proposal 2: RAN 1 should consider doubling DMRS density for PUSCH coverage enhancement and UE power saving.

Proposal 3: RAN1 should specify UE PUSCH transmission in one subcarrier per PRB and consider UE PUSCH transmissions in 2, 4, and 6 subcarriers per PRB as well.
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