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1 Introduction

This contribution provides PUSCH simulation results in various coverage enhancement techniques according to the discussion on high level PUSCH simulation assumptions [1]. The table in the appendix gives the high level PUSCH simulation assumptions.

2 PUSCH Baseline Performance
The following assumptions are used for PUSCH baseline simulation: 

· Target MCL: 137.7 dB 

· Cross-SF Channel Estimation: One subframe
· # Repetitions = 1 (i.e. 1 SF transmission) 

· No additional coverage enhancement techniques. 

[image: image1.emf]-6 -5 -4 -3 -2 -1 0 1 2 3 4

10

-2

10

-1

10

0

SNR dB

BLER

PUSCH, baseline performance

 

 

Baseline


Figure 1: PUSCH baseline performance

Figure 1 above gives the baseline performance of PUSCH. As seen from the figure 1, the 10% iBLER of PUSCH could be achieved at 0dB SNR. 
3 Cross SF Channel Estimation
In this section, PUSCH performance with cross-SF (subframe) channel estimation based on IR combination is evaluated. Sliding average FIR filter for cross-SF channel estimation on fixed number subframes with equal weight is assumed.

Table 1: PUSCH performance with cross-SF channel estimation

	Required Coverage Gain (dB)
	Cross-SF

 Ch. Est: 1SF
	Cross-SF

 Ch. Est: 4 SF
	Cross-SF

 Ch. Est: 8 SF

	6
	5
	5
	5

	12
	34
	22
	20

	18
	429
	162
	111


Table 1 above summarizes PUSCH performance of cross-SF channel estimation related to different coverage gains. As seen from the table 1, the performance improvement of cross-SF channel estimation is not obvious on 6dB coverage gain. However, for 12dB or 18dB coverage gain, the performance improvement of cross-SF channel estimation on 4 SF or 8 SF is remarkable. Compared to cross-SF channel estimation on 4SF and 8SF, the cross-SF channel estimation on 8SF has obvious performance improvement on 18 dB coverage gain.
Proposal 1: Support cross subframe channel estimation up to 8 subframes.
4 DMRS Density Increase
In this section, the PUSCH performance is evaluated under the assumption of doubling DMRS density and cross-SF channel estimation.
Table 2: PUSCH performance with 2X DMRS density

	Required Coverage Gain (dB)
	Cross-SF

 Ch. Est: 1SF
	Cross-SF

 Ch. Est: 4 SF
	Cross-SF

 Ch. Est: 8 SF

	6
	6
	5
	5

	12
	36
	21
	20

	18
	303
	113
	106


Compared to the PUSCH performance of table 1 (no DMRS density increase) and table 2,  it can be seen increasing DMRS density can reduce the repetition number for 12dB and 18dB coverage gain. The performance improvement of increasing DMRS density is not large when cross-SF channel estimation on 8SF is used.

Observation 1: The performance improvement of increasing DMRS density is not large when cross-SF channel estimation on 8 subframes is used. 
5 Conclusions
This contribution provides PUSCH simulation results in various coverage enhancement techniques according to the discussion on high level PUSCH simulation assumptions, and the following observation and proposal are made:

Proposal 1: Support cross subframe channel estimation up to 8 subframes.
Observation 1: The performance improvement of increasing DMRS density is not large when cross-SF channel estimation on 8 subframes is used. 
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Appendix
Table 3: High Level PUSCH Simulation Assumptions
	Parameter
	PUSCH

	System bandwidth
	10MHz

	Carrier frequency
	2GHz for FDD

	Antenna configuration
	1x2, low correlation for FDD

	Channel model
	EPA

	Doppler spread
	1Hz

	MCS
	5

	Number of RBs
	1

	Transmission mode
	TM1

	Frequency tracking error
	100Hz

	Performance target
	10% iBLER

	Channel estimation
	Realistic cross-SF channel estimation or single-subframe channel estimation

	Combination for the repetitions
	incremental redundancy /chase combining

LLR(log likelihood ratio) combining after demodulation













































































