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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]New WID for MTC was agreed in RAN #65 [1]. One of the objectives is coverage enhancement corresponding to 15 dB for FDD for the Rel.13 low complexity UE category/type. In order to achieve 15dB coverage enhancement, repetition over multiple subframes is one of necessary solutions. Some coverage enhancement techniques should also be considered in order to reduce the required number of repetitions and mitigate the loss by repetition. This contribution discusses DMRS density increase for PUSCH repetition and shows some link level simulation results. Based on our link level simulation results, we provide some views on DMRS density increase for PUSCH coverage enhancement for MTC.
Simulation results
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]In this section, we evaluate the PUSCH link level performance with DMRS density increase. The detailed parameters are listed in the Appendix A. Figure 1 plots the BLER performance of PUSCH with number NRep of repetitions as a parameter. Symbol level combining including multiple subframe channel estimation with 4 subframes is used. Frequency hopping over the system bandwidth is not used in the evaluation. In the case of 2xDMRS, 0th and 7th SC-FDMA symbols are replaced with DMRS symbol.
It can be seen from Fig.1 that when the number of repetition is small (for example, 4, 8, and 16), increasing DMRS density deteriorate BLER performance than that of 1xDMRS case. This is because channel estimation performance is enough by symbol level combining in small number of repetition case while coding gain is reduced by DMRS increase. There would be a trade-off between channel estimation improvement by DMRS increase and performance degradation by coding gain decrease. When the number of repetition is large (for example 64 and 128), increasing DMRS density provides better BLER performance than that of 1xDMRS case.
[image: ]
Fig.1 Performance comparison between 1x DMRS, 2x DMRS, and ideal channel estimation (CE).
Observation 1: Increasing DMRS density by 2x provides better BLER performance than 1xDMRS when the number of repetition is large (for example 64 and 128).

In RAN1#80 [2], to support multiple subframe channel estimation and frequency hopping over the system bandwidth are agreed for PUSCH for Rel-13 low complexity UE in enhanced coverage. In our evaluation [3], to achieve 18dB coverage enhancement, 64~128 repetitions is required with multiple subframe channel estimation and frequency hopping over the system bandwidth. Based on above observation, we propose that to have additional RS only in large coverage enhancement case.
Proposal 1: To have additional RS only in large coverage enhancement case.
Schemes for DMRS density increase
Increasing the DMRS density has a trade-off between channel estimation improvement and performance degradation by coding gain reduction. It would be better to minimize the negative impact to the data transmission. 
One of possible schemes for DMRS density increase is to transmit additional DMRS on REs that are traditionally used for RI. For coverage enhancement, there is not a motivation to report RI>1, and then REs used for RI could be used for DMRS. For this, only specification impact would be to transmit RI with fixed value, for example 1.
Proposal 2: To transmit additional DMRS on REs that are traditionally used for RI.
Another possible scheme for DMRS density increase is to utilize SRS. When only SRS is utilized along with existing DMRS, there is not negative impact on coding rate. SRS as additional DMRS can be used in the subframe where cell specific SRS is configured. In addition, additional DMRS based on SRS structure can be further added in the subframes where cell specific SRS is not configured. Then SRS can be used as additional DMRS regardless of cell specific SRS is configured or not.
Proposal 3: SRS as additional DMRS can be used in the subframe where cell specific SRS is configured.
Proposal 4: Additional DMRS based on SRS structure can be further added in the subframes where cell specific SRS is not configured.
Conclusion
In this contribution, we showed link level simulation results on DMRS density increase for PUSCH coverage enhancement and provided our views on DMRS density increase schemes. Based on the discussion presented, we summarize our views through the following observations and proposal:
Observation 1: Increasing DMRS density by 2x provides better BLER performance than 1xDMRS when the number of repetition is large (for example 64 and 128).
Proposal 1: To have additional RS in need of large coverage enhancement.
Proposal 2: To transmit additional DMRS on REs that are traditionally used for RI.
Proposal 3: SRS as additional DMRS can be used in the subframe where cell specific SRS is configured.
Proposal 4: Additional DMRS based on SRS structure can be further added in the subframes where cell specific SRS is not configured.
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Appendix A: Simulation parameters
	Parameters
	Value

	Number of antennas
	1×2 with low correlation

	Number of multiplexed UEs
	1

	Number of repetition
	NRep=4, 8, 16, 32, 64, 128

	Channel model
	EPA (Doppler frequency, fD=1Hz)

	Frame format
	PUSCH 1 RB

	MCS
	MCS 5

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Timing error
	Ideal

	Transmit power control error
	Ideal.

	Residual frequency offset
	20Hz

	Channel estimation
	Realistic multiple subframe channel estimation
 (Averaging over NSF=4 subframes)

	Equalization
	MMSE-FDE
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