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1. Introduction


This contribution provides PUSCH link level performance evaluations, which can be collected as one of comparable simulation results for coverage enhancement and power consumption reduction for Rel-13 MTC. The PUSCH simulation results determine the number of repetitions according to the combination of coverage enhancement techniques in order to achieve the required coverage gain.
2. Link performance 

PUSCH with MCS5 and 1 PRB resource allocation is simulated using incremental redundancy and LLR combining schemes in EPA-1Hz scenario. The assumptions for PUSCH link performance evaluations 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

	Required coverage gain
	6, 12, 18dB

	Modulation
	QPSK

	MCS
	5

	TBS
	72


This contribution considers some combinations of repetitions, frequency hopping and DMRS density increase as coverage enhancement techniques. Inter-subframe frequency hopping is assumed to be within 6 PRBs every 4 subframes as shown in Figure 1. Doubled DMRS symbols are equally-spaced within subframe for MTC PUSCH. 
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Figure 1 Frequency hopping pattern
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Figure 2 Link Performance Results of Uplink Data transmission for coverage enhancements
Each combination of coverage enhancement techniques requires different number of repetitions for the same coverage gain. The baseline that requires no coverage gain is the resulting SINR obtained from single-subframe transmission without additional coverage enhancement technique. Figure 2 illustrates the link performance of PUSCH with various combinations of coverage enhancement techniques compared to the baseline in order to achieve the required coverage gain of 6, 12 and 18 dB, respectively. The required SINR for the baseline results in 2.5dB for 10% iBLER. 
Table 2 summarizes the number of repetitions to achieve the required coverage gain according to the different combination of coverage enhancement techniques. For the coverage gain of 18dB, the number of repetitions can be reduced by 23% with doubled DMRS density and by 7.7% with frequency hopping every 4 subframes. This contribution approves that increasing DMRS density reduces the number of repetitions more than the frequency hopping especially in coverage limited scenario, which corresponds to low SINR. Therefore, at least DMRS density increase should be considered for Rel-13 MTC.
Proposal 1: For uplink data transmission, DMRS density increase should be considered for Rel-13 MTC.

Table 2 Number of Repetitions for PUSCH coverage enhancement
	Required Gain (dB)
	Coverage enhancement techniques
	Required Repetitions

	
	Repetition
	Frequency hopping
	DMRS density
	Cross-SF channel estimation
	

	6
	O
	-
	1X
	1
	3

	
	O
	4SF
	1X
	1
	3

	
	O
	-
	2X
	1
	3

	12
	O
	-
	1X
	1
	22

	
	O
	4SF
	1X
	1
	21

	
	O
	-
	2X
	1
	19

	18
	O
	-
	1X
	1
	207

	
	O
	4SF
	1X
	1
	191

	
	O
	-
	2X
	1
	159


3. Conclusions
Proposal 1: For uplink data transmission, DMRS density increase should be considered for Rel-13 MTC.
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