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1
Introduction
The PUSCH coverage enhancement techniques have been proposed on top of the repetitions in order to further reduce the number of repetitions including:

·  Increased DM-RS density

·  Frequency hopping within repetitions

·  PSD boosting with smaller granularity than 1PRB

·  Cross subframe channel estimation

·  Etc.

In this contribution, we evaluate the performance of candidate coverage enhancement techniques with repetitions such as increased DM-RS density, frequency hopping, and cross-subframe channel estimation.

2
Discussion
It has been proposed to increase the DM-RS density for PUSCH in order to improve the channel estimation (CHEST) performance which may lead to the reduced the number of repetitions especially in the low SNR region. The figure 1 shows an example of the increased DM-RS by introducing two additional DM-RS symbols at the first SC-FDMA symbol in each slot. One potential benefit of the increased DM-RS density could be that the frequency hopping could be used together to increase the diversity gain at the same time.
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Figure 1. an example of increased DM-RS for PUSCH 
As an alternative way to improve the channel estimation accuracy, a cross-subframe channel estimation has been also proposed which uses DM-RS over multiple subframes for channel estimation, thus achieving the same benefit of DM-RS density increment without DM-RS overhead increment. To achieve the cross-subframe channel estimation gain, the PUSCH is transmitted repetitively in the same frequency resource and the Doppler frequency is small enough to assume that the channel is the same within the repetition window. Therefore, frequency hopping may not be used at least within the cross-subframe CHEST window. In our simulation, the cross-subframe CHEST simply averaging estimated channel within the CHEST window. 
The two channel estimation enhancement schemes mentioned above are evaluated with and without the frequency hopping. The following cases are assumed in the simulations:

· Case-1: no enhancement (repetition only)
· Case-2: cross-subframe CHEST (average over all subframes)
· Case-3: cross-subframe CHEST (average over 4 subframes)
· Case-4: cross-subframe CHEST (average over 4 subframes) + group-wise frequency hopping

· Case-5: DM-RS density increment (no average over multiple subframes) + frequency hopping
· Case-6: DM-RS density increment (average over 4 subframes) + group-wise frequency hopping

The table 1 shows the required SNR to achieve 10% BLER in each case according to the number of repetitions. As shown in the table, the DM-RS density increment (i.e. case-5/6) provides gain only in small number of repetition due to its frequency diversity gain and CHEST gain. However, as its repetition number gets larger the cross-subframe CHEST provides better performance since it achieves some level time diversity and better coding gain. Therefore, the cross-subframe CHEST over 4 subframes provides better performance compared with the DM-RS density increment with frequency hopping. In addition, if the group-wise frequency hopping is used to increase the frequency diversity gain, the cross-subframe CHEST provide even better performance in the relatively larger number of repetitions.
Table 1. the required SNR for PUSCH for 10% BLER according to the number of repetitions

	
	# of repetitions (in subframes)

	
	1
	2
	4
	8
	16
	32

	Case-1
	0.8
	-1.7
	-3.4
	-4.5
	-7.25
	-9.4

	Case-2
	0.8
	-2.1
	-4.2
	-6.4
	-9.8
	-13.1

	Case-3
	0.8
	-2
	-5.2
	-6.6
	-8.9
	-11

	Case-4
	0.8
	-2
	-5.2
	-7.3
	-10.1
	-12.3

	Case-5
	1.8
	-2.25
	-4.4
	-5.3
	-7.6
	-9.5

	Case-6
	1.8
	-2.25
	-4.4
	-6.4
	-9.2
	-11.5


Observation: from the results, it is observed that the cross-subframe CHEST may achieve the similar performance benefit as the increased DM-RS density without increasing reference signal overhead as long as the coherent time is long enough to achieve channel averaging gain.
Proposal: cross-subframe CHEST is assumed at the eNB receiver for PUSCH coverage enhancement
3
Conclusion
In this contribution, we evaluated DM-RS density increment and cross-subframe channel estimation as a PUSCH coverage enhancement technique. From observation, we propose following:
Proposal: cross-subframe CHEST is assumed at the eNB receiver for PUSCH coverage enhancement
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Annex
Table 1. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic (averaging over time)

	Resource allocation
	1 PRB

	Doppler spread
	1Hz

	Performance target
	10% BLER

	MCS
	5

	Frequency hopping
	Random out of 6 PRBs
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