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1. Introduction
Rel-13 work item on MTC enhancements was approved in [1] in RAN#65. 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 is targeted. 
In this contribution, we show the further evaluation of PUSCH coverage enhancement techniques based on the simulation assumptions in [2] [3].

2. Discussion

Link level performances of PUSCH with time domain repetition are shown in Table 1/2/3. The detailed simulation assumptions are listed in Table 4 in Appendix. 
0Hz residual frequency offset

Simulation results in Table 1 and Table 2 show that the required number of repetitions of 4 and 8 subframes channel estimation are less than that of 1 subframe channel estimation when 12 or 18dB coverage enhancement (CE) gain is required assuming no frequency offset between transmitter and receiver. That is, cross-subframe channel estimation can reduce the repetition times when there is no frequency offset between transmitter and receiver and large CE gain is targeted. When 6 dB CE gain is targeted, cross-subframe channel estimation also provide performance gain although the number of repetition is not reduced. 

Note that in our simulations, for N subframe channel estimation, the receiver starts to decode from the Nth subframe. Consequently, the required number of repetitions is not smaller than the number of subframes for cross-subframe channel estimation. Hence, for the case with 6dB required CE gain and 8 subframes channel estimation, the required repetition is 8 although the gain is larger than 6 dB as required.
Observation 1: 4 and 8 subframes channel estimation provide performance gains especially when large CE gain is targeted assuming 0Hz residual frequency offset.
100Hz residual frequency offset

With 100Hz residual frequency offset, the performance of LLR combining among the subframes over which cross-subframe channel estimation is performed (The details can be found in Table 4 in Appendix) can be found in Table 3. 
Simulation results show that the performance is generally degraded along with the increase of repetition times. It is observed that 8 subframes channel estimation cannot work when the number of repetitions is equal to or larger than 10 as the BLER=1. In addition, it is observed that 6 and 8 times of repetition provide the best performance for 4 and 8 subframes channel estimation respectively, however, the performance is still worse than IQ combining among the subframes over which cross-subframe channel estimation is performed.
Observation 2: LLR combining among the subframes over which cross-subframe channel estimation is performed is not feasible assuming 100Hz residual frequency offset.
With 100Hz residual frequency offset, simulation results in Table 1 and Table 2 with IQ combining among the subframes over which cross-subframe channel estimation is performed (The details can be found in Table 4 in Appendix) show that:

1) The performance of 8 subframes channel estimation is worse than 1 subframe channel estimation.

2) Compared with 1 subframe channel estimation, the performance of 4 subframes channel estimation is worse for 6 dB CE gain but better for 12 dB and 18 dB CE gains. 
3) The performance of 2 and 3 subframes channel estimation is better than 1 subframe channel estimation although the number of repetitions is not reduced for 6 dB CE gain.

4) The performances of 2 and 3 subframes channel estimation outperform 4 subframes channel estimation. Furthermore, for 6 dB CE gain, 2 subframes channel estimation has the best performance while for 12 dB and 18 dB CE gains, 3 subframes channel estimation has the best performance.

Based on the above observations, cross-subframe channel estimation with IQ combining among the subframes over which cross-subframe channel estimation is performed can provide performance gains given that the number of subframes over which cross-subframe channel estimation is performed is limited. Hence, we have the following proposals:
Proposal 1: IQ combining among the subframes over which cross-subframe channel estimation is performed shall be used with 100Hz residual frequency offset.
Proposal 2: The maximum number of subframes over which cross-subframe channel estimation is performed shall be limited to 3 with 100Hz residual frequency offset.

For DMRS density increase, we simulate double DMRS structure as shown in Figure 1. 
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Figure 1: Double DMRS structure for PUSCH repetition
Simulation results in Table 1 and Table 2 show that the required number of repetitions of PUSCH with double DMRS is less than that of PUSCH repetition with normal DMRS for larger CE gains especially for 1 subframe channel estimation. However, the performance gain of denser DMRS for cross-subframe channel estimation is limited.
Therefore, we have the following proposal:
Proposal 3: FFS whether PUSCH repetition with denser DMRS is supported.
Table 1: Repetition times with IQ combining
	Required Gain
	Cross-SF

 Ch. Est.
	Required number of repetitions

	
	
	0Hz frequency offset
	100Hz frequency offset
	2xDMRS and 100Hz frequency offset

	6
	1
	5
	6
	6

	
	2
	--
	6
	--

	
	3
	--
	6
	--

	
	4
	5
	>6
	>6

	
	8
	8
	>6
	>6

	12
	1
	39
	39
	35

	
	2
	--
	27
	--

	
	3
	--
	27
	--

	
	4
	21
	30
	30

	
	8
	21
	>39
	>35

	18
	1
	277
	278
	229

	
	2
	--
	189
	--

	
	3
	--
	178
	--

	
	4
	117
	198
	170

	
	8
	91
	>278
	>229


Table 2: The SINR of 10% BLER with IQ combining
	Cross-SF

 Ch. Est.
	0Hz  frequency offset
	Baseline SINR of 10% BLER 
	100Hz frequency offset
	2xDMRS and 100Hz frequency offset
	Baseline SINR of 10% BLER 

	
	Repetition times
	SINR of 10% BLER
	Gain from Baseline
	
	Repetition times
	SINR of 10% BLER
	Gain from Baseline
	Repetition times
	SINR of 10% BLER
	Gain from Baseline
	

	1
	5
	-4.156
	6.012
	1.856
	6
	-4.325
	6.321
	6
	-4.16
	6.156
	1.996

	1
	39
	-10.176
	12.019
	
	39
	-10.036
	12.032
	35
	-10.083
	12.079
	

	1
	277
	-16.16
	18.016
	
	278
	-16.017
	18.013
	229
	-16.008
	18.004
	

	2
	--
	--
	--
	
	6
	-4.735
	6.731
	--
	--
	--
	

	2
	--
	--
	--
	
	27
	-10.023
	12.019
	--
	--
	--
	

	2
	--
	--
	--
	
	189
	-16.017
	18.013
	--
	--
	--
	

	3
	--
	--
	--
	
	6
	-4.19
	6.186
	--
	--
	--
	

	3
	--
	--
	--
	
	27
	-10.059
	12.055
	--
	--
	--
	

	3
	--
	--
	--
	
	178
	-16.032
	18.028
	--
	--
	--
	

	4
	5
	-4.739
	6.595
	
	6
	-3.036
	--
	6
	2.375
	--
	

	4
	21
	-10.277
	12.133
	
	30
	-10.092
	12.088
	30
	-10.028
	12.024
	

	4
	117
	-16.234
	18.09
	
	198
	-16.042
	18.038
	170
	-16.067
	18.063
	

	8
	8
	-7.175
	9.031
	
	8
	5.609
	--
	8
	6.256
	--
	

	8
	21
	-10.353
	12.209
	
	39
	-2.691
	--
	35
	-2.814
	--
	

	8
	91
	-16.185
	18.041
	
	278
	-9.104
	--
	229
	-9.282
	--
	


Table 3: The SINR of 10% BLER with LLR combining and 100Hz residual frequency offset

	Cross-SF

 Ch. Est.
	Repetition time

	
	4
	5
	6
	7
	8
	9
	10
	12
	14

	4
	-1.537
	-1.896
	-2.054
	-1.956
	-1.742
	-1.507
	-1.185
	-0.655
	0.491

	8
	
	
	
	
	5.622
	10.624
	BLER=1
	BLER=1
	BLER=1


3. Conclusion

In this contribution, we discuss PUSCH coverage enhancement and have the following proposals:
Proposal 1: IQ combining among the subframes over which cross-subframe channel estimation is performed shall be used with 100Hz residual frequency offset.
Proposal 2: The maximum number of subframes over which cross-subframe channel estimation is performed shall be limited to 3 with 100Hz residual frequency offset.
Proposal 3: FFS whether PUSCH repetition with denser DMRS is supported.
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5. Appendix

Table 4: Link level simulation assumptions

	Parameter
	Value

	System bandwidth
	1.4MHz

	Frame structure
	FDD

	Carrier frequency
	2GHz

	Antenna configuration
	1x2, low correlation

	Channel model
	EPA1Hz

	TBS
	72 bits

	Number of UL RBs
	1

	Transmission mode
	TM1

	Frequency offset
	0Hz, 100Hz

	Performance target
	10% BLER

	Channel estimation
	Sliding average FIR filter with N =1\2\3\4\8 subframes, where N subframe is derived as 1~N,2~N+1,3~N+2,…, 
In each subframe among the N subframes, received DMRS is correlated with the based sequence; and then correlated DMRS is averaged across the N subframes; finally, 2D-MMSE is used to obtain the channel estimates for the data REs based on the averaged DMRS.

	Detection method
	MMSE;

IQ combining among the subframes over which cross-subframe channel estimation is performed: 

Received IQ symbols of multiple subframes are averaged across the N subframes, and then MMSE detection is performed on the averaged IQ symbols.

LLR combining among the subframes over which cross-subframe channel estimation is performed:
MMSE detection is performed in each subframe across the N subframes, and then soft bits of multiple subframes are averaged among N subframes with LLR coefficient.
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