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1 Introduction
In RAN#65, a new Rel-13 Work Item “Further LTE Physical Layer Enhancements for MTC” was approved. The general objective of the WI is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption. The objectives relating the coverage enhancement aspect of this WI is captured as follows [2]:
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 
· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:
· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)
· Elimination of use of control channels (e.g. PCFICH, PDCCH)
· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)
· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)
· Uplink PSD boosting with smaller granularity than 1 PRB
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)
· New physical channel formats with repetition for SIB/RAR/Paging
· A new SIB for bandwidth reduced and/or coverage enhanced UEs
· Increased reference symbol density and frequency hopping techniques
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.
· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.

In this contribution, we analyse and evaluate the possible uplink demodulation reference signal (RS) enhancement solutions and compare the scheme with frequency hopping during repetition and multi-subframe channel estimation.
2 Reference signal enhancement for PUSCH coverage enhancement
It has been shown that the accuracy of channel estimation is important for the PUSCH coverage enhancement for MTC UE [4]. Then the improvement to the reference signal becomes mandatory. In [5-9], increasing the DMRS density in the uplink has been proposed. The benefit of increasing the DMRS density in the uplink has been analysed, the performance gain is significant at lower SNR. 
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Increased reference symbol density and frequency hopping technique
For PUSCH transmission, eNodeB performs PUSCH demodulation based on demodulation RS (DMRS). The principles for uplink DMRS are quite different compared to downlink CRS and DMRS. According to the specification [10], one OFDM symbol as shown in Fig. 1 is used exclusively for DMRS transmission in a slot while downlink RS and PDSCH REs are staggered in both frequency and time domain. This constraint limits the improvement solutions to uplink DMRS.

To improve the uplink channel estimation accuracy for MTC in the extremely low SNR region, it is better to increase the RS density in the time domain. One straightforward method is to increase the DMRS symbols shown in Fig.2. We define the new RS as MTCDMRS. They occupy the first symbol of either slot. The sequence could be the same as legacy uplink DMRS. So the uplink channel estimation could be carried out based on DMRS and MTCDMRS at the same time. In the example, the density of DMRS is increased to 4 REs/subcarrier.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 1, Mapping of uplink DMRS
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Figure 2, Mapping of uplink DMRS and MTCDMRS

3 Evaluation results
In the performance evaluation, we studied different schemes to reduce the number of repetition when MTC UE needs coverage enhancement. The number of repetitions to achieve 10% BLER works as the evaluation output. Detailed simulation assumptions are shown in the appendix
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PUSCH for TDD frame structure

Table 1 shows the amount of repetitions when the number of PRBs is 1. The transport block size is selected according to the number of PRBs and MCS. From this table, PUSCH frequency hopping could reduce the number or repetition significantly. The repetition times will decrease from 68 to 33 when the coverage improvement gain is 15 dB. The repetition time is less than that of the cross-subframe channel estimation. Increased DMRS density could also reduce the number of repetition, when PUSCH frequency hopping is enabled for MTCUE, increased DMRS density can reduce the repetition times further (the repetition times is only 27 when the coverage improvement gain is 15 dB). Then following observations could be made according to the simulation results,

Observation 1: PUSCH frequency hopping could reduce the number of repetition. 
Observation 2: Increased DMRS density could reduce the number of repetition.
So we propose,
Proposal 1: Consider to introduce PUSCH frequency hopping for MTC PUSCH transmission. 
Proposal 2: Consider to increase the DMRS density for MTC PUSCH transmission. 


Table 1.Repetition times of TDD configuration 0 with frequency tracking error =20 Hz
	Gain (dB)
	11
	13
	15
	17
	19

	Rel.8 DMRS without frequency hopping
	15
	30
	68
	157
	306

	MTCDMRS without frequency hopping
	13
	23
	52
	110
	218

	Rel.8 DMRS with frequency hopping
	10
	16
	33
	74
	186

	MTCDMRS with frequency hopping
	9
	15
	27
	54
	127

	Rel.8 DMRS with cross-subframe channel estimation
	12
	22
	47
	107
	219

	MTCDMRS with cross-subframe channel estimation
	11
	20
	38
	69
	148



4 Conclusion 
This contribution analyses the possible solutions to improve coverage for MTC PUSCH transmission and find,

Observation 1: PUSCH frequency hopping could reduce the number of repetition.
Observation 2: Increased DMRS density could reduce the number of repetition.
Then we propose,
Proposal 1: Consider to introduce PUSCH frequency hopping for MTC PUSCH transmission. 
Proposal 2: Consider to increase the DMRS density for MTC PUSCH transmission. 
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Appendix:  Simulation assumptions on PUSCH
	Parameter
	Value

	System bandwidth
	10MHz

	Frame structure
	FDD or TDD

	UL-DL configuration
	0

	Carrier frequency
	2.0 GHz for FDD/ 2.6GHz for TDD

	Antenna configuration
	1x2, low correlation for FDD; 1x8, low correlation for TDD

	Channel model
	EPA

	Doppler shift
	1Hz

	TBS
	16

	Number of UL RBs
	1 

	Transmission mode
	TM1

	Frequency tracking error
	20Hz

	Performance target
	10% iBLER

	Channel estimation
	Real channel estimation

	The minimum required SINR
	To meet 15 dB coverage gain requirement

	Output
	The amount of repetitions and spectrum efficiency as well as other techniques to achieve performance target at the minimum required SINR
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