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1
Introduction
In RAN1#75, the following working assumption was agreed – 
· For UEs in enhanced coverage mode for MTC,

· Repetition of PUSCH across multiple sub-frames is supported.

· Multiple repetition levels in time domain are specified. 
In this contribution, we consider further PUSCH coverage enhancement.
2
PUSCH
To support scalable coverage enhancement, multiple repetition factors corresponding to different coverage enhancement levels have been agreed. The exact number of levels and granularity has not been determined, but, for example, three different levels may be considered corresponding to 5, 10, and 15 dB coverage enhancement. Figure 1 illustrates the performance of the PUSCH with various numbers of repetitions and also using various enhancement techniques. In this case, MCS0 is used with 1 PRB, equivalent to a data rate of 16 kbps. Note that the data packet includes 16 information bits and 24 CRC bits.
[image: image1.emf]-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2

10

-2

10

-1

10

0

SNR (dB)

FER

PUSCH - 1Tx-2Rx, MCS0, 1 PRB (16 kbps), EPA1

 

 

1 Trans

4 Trans

16 Trans

64 Trans

200 Trans

One-sub ChEst

Multi-sub ChEst

Multi-sub ChEst, 10 Data Syms/4 Pilot Syms


Figure 1.  PUSCH performance for MCS0.

From the figure, it can be seen that multi-subframe channel estimation is beneficial, especially at the very low SNR. A gain of approximately 2 dB can be observed compared to when single-subframe channel estimation is used.

Observation 1: Multi-subframe channel estimation can provide meaningful gain at low SNR. 
In the uplink, pilot boosting is not possible. However, it may be beneficial to increase the PUSCH DMRS density.  This would provide a trade-off between improved channel estimation performance versus coding redundancy loss.  An example of this gain is shown in Figure 1 where two additional SC-FDMA symbols have been used for DMRS. In this case, the gain is approximately 1.0 dB which may be attractive enough to consider this technique further. In addition, the gain may be larger at lower SNR and other DMRS configurations may provide larger gains.

Observation 2: Increasing the DMRS density in the uplink can provide gain at low SNR.
Table 1 provides the number of transmissions required for various coverage enhancement levels. From the table, it is seen that 4, 16, and 64 transmissions are required to achieve 5, 10, and 15 dB coverage enhancement, respectively.

Table 1. PUSCH results for various coverage enhancement levels.
	Coverage Enhancement Level
	No of Transmissions Required
	Coverage Enhancement Techniques Used

	5 dB
	4
	Repetition + multi-subframe channel estimation

	10 dB
	16
	

	15 dB
	64
	Repetition + multi-subframe channel estimation + higher DMRS density (10 data/4 pilot symbols per subframe)


Note that the results shown in Table 1 assume that multi-subframe channel estimation is used. In addition, for 15dB coverage enhancement, two additional SC-FDMA symbols are used to aid in channel estimation. Without these improvements, up to 200 transmissions will be required to achieve 15dB coverage enhancement as shown in Figure 1.
Observation 3: Approximately 64 transmissions will be required to achieve 15dB coverage enhancement using multi-subframe channel estimation and higher DMRS density.

3
Conclusion
In this contribution, we consider further PUSCH coverage enhancement and make the following observations –

Observation 1: Multi-subframe channel estimation can provide meaningful gain at low SNR.
Observation 2: Increasing the DMRS density in the uplink can provide gain at low SNR.
Observation 3: Approximately 64 transmissions will be required to achieve 15dB coverage enhancement using multi-subframe channel estimation and higher DMRS density.
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