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Introduction
This document studies the performance of increasing DMRS for PUSCH under various possible eNB residual CFO errors. 
Residual Frequency Offset Factors
The eNB’s PUSCH residual carrier frequency offset (R-CFO) (i.e. the eNB’s frequency tracking error) can be present even after the eNB has applied its frequency error compensation. Although the R-CFO has not been studied explicitly, it is expected that the R-CFO at low SINRs will be larger than what is seen in the deployments today. The R-CFO will also depend on the UE’s residual CFO which is applied to the PUSCH transmission and although a 100Hz was agreed in [1] this was not explicitly studied for low SINR cases so the actual value in a real deployment may be higher. Based on MCL calculation in [1] and the possibility to use a lower power PA (e.g. ~ 20 dBm), the PUSCH channel will require the most coverage enhancement (+18dB) and thus be the limiting factor. Given the above mentioned uncertainties and critical nature, the PUSCH channel should be designed to support a wider range of possible R-CFOs. 
Proposal –The PUSCH should be designed to support an eNB residual CFO range of 0-200Hz.
Performance of increased DMRS density 
Increasing the DMRS density by a factor of 2 or 4 have been studied as a potential coverage enhancement technique for PUSCH [2,3]. Figure 1 illustrates the DMRSx2 and x4 implementations. As can be seen, the extra DMRS symbols in the former case (x2) are added in the original subframe, which causes puncturing data symbols from 12 to 10. To avoid puncturing in the latter case (x4), where there are 6 additional DMRS symbols, we insert an additional SF so that the number of data symbols is maintained at 12.

[image: ][image: ]Figure 1. DMRS density increase by a factor of 2 and 4.
** For DMRS 4X puncturing is NOT used and the number of data symbols remains equal to that in DMRSx1 (12).
Table I shows the number of repetitions needed for achieving 10% BLER at 18 dB coverage loss (SINR -15.5dB) for different values of R-CFO, channel estimation window size and DMRS density. For obtaining these results, we employ frequency hopping over 50 PRBs (i.e 10 MHz BW) and with a hopping interval of 7 SFs. Other simulation parameters are set as listed in [3,4].
	R-CFO (Hz)
	DMRS Density x
	Ch. Est. Win Size

	
	
	3 SFs
# Repeats (% improv)
	5 SFs
# Repeats (% improv)
	7 SFs
# Repeats (% improv)

	0
	1
	122
	110
	104

	
	2
	116
	(5.2%)
	105
	(4.8%)
	98
	(6.1%)

	
	4
	100
	(22.0%)
	92
	(19.6%)
	84
	(23.8%)

	25
	1
	126
	116
	105

	
	2
	118
	(6.8%)
	112
	(3.6%)
	100
	(5.0%)

	
	4
	110
	(14.5%)
	96
	(20.8%)
	92
	(14.1%)

	50
	1
	130
	124
	110

	
	2
	124
	(4.8%)
	118
	(5.1%)
	105
	(4.8%)

	
	4
	115
	(13.0%)
	110
	(12.7%)
	100
	(10.0%)

	100
	1
	140
	130
	230

	
	2
	130
	(7.7%)
	125
	(4.0%)
	224
	(2.7%)

	
	4
	124
	(12.9%)
	118
	(10.2%)
	218
	(5.5%)

	200
	1
	161
	280
	 

	
	2
	156
	(3.2%)
	274
	(2.2%)
	

	
	4
	150
	(7.3%)
	266
	(5.3%)
	


Table I. Number of PUSCH repetitions needed for 10%BLER in 18dB CE mode
As can be seen in Table I, for the values of 0, 25, and 50 Hz R-CFO, the performance with Ch. Est. Win=7 SF is better (~10%) than that of 5, and the same fact is true for 5 vs 3 for up to 100Hz R-CFO.  For a 100Hz R-CFO, the 7-SF channel averaging would cause a significant (~70%) increase on the number of required repetitions, regardless of the DMRS density increase factor. Similarly, a ~75% performance degradation is observed comparing 3 and 5 SF channel estimation at 200Hz R-CFO. This is due to the destructive effect of averaging over a large number of SFs when the R-CFO value is large.
Observation 1: In the presence of a >50 residual CFO, using a channel estimation window size larger than 5 can cause significant performance degradation on CE techniques.
Observation 2: In the presence of a >100 residual CFO, using a channel estimation window size larger than 3 can cause significant performance degradation on CE techniques.
Conclusion: Since eNB cannot predict the residual CFO, it should not perform cross SF channel estimation beyond 3 SFs. 
From Table I and only considering the channel estimation across 3SF, increasing DMRS density by 4X has best performance regardless of residual frequency offset with a range of 7.3 - 22%. 
Observation 3: Increasing DRMRS by 4X decreases the required number of PUSCH repetitions between 7-22 %.
Proposal: Standardize increasing DMRS density by 4X. 

Conclusions
In this tdoc we showed the performance of DMRS density increase and cross-subframe channel estimation in the presence of residual CFO in PUSCH. We observed that 
Observation 1: In the presence of a >50 residual CFO, using a channel estimation window size larger than 5 can cause significant performance degradation on CE techniques.
Observation 2: In the presence of a >100 residual CFO, using a channel estimation window size larger than 3 can cause significant performance degradation on CE techniques.
Conclusion: Since eNB cannot predict the residual CFO, it should not perform cross SF channel estimation beyond 3 SFs. 
Observation 3: Increasing DRMRS by 4X decreases the required number of PUSCH repetitions between 7-22%.
And thus we propose to,
Proposal: Standardize increasing DMRS density by 4X. 
[bookmark: _GoBack]Note that we have not evaluated how much lower the R-CFO would be if a burst of DMRS is used at the beginning of PUSCH transmission.
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