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1 Introduction

In [1], a 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In this contribution, we will discuss the potential solutions for 20dB coverage enhancement.

2 Discussion

To discuss the coverage enhancement, we should first focus on legacy LTE UEs coverage capability. The study in [2] provides a good start. Simulation results from over 10 companies give evaluations for different DL and UL channels. According to table 5-8 and table 5-10 in [2] for 2Tx2Tx eNB configuration, it is clear that the gap of MCL between different channels is obvious. The limitation of PUSCH (medium data rate) is about 132.41dBm while other uplink channel’s limitations are all over 140dBm. Therefore, we propose:

Proposal 1: A reference channel should be chosen for 20dB enhancement and other channels make the enhancement accordingly. The choice of reference channel can be FFS.
Table 5-8[2]: Evaluation results statistics of LTE UL channels (2Tx2Rx eNB configuration)
	Channels
	Performance target
	Number of sources
	MCL(dBm)

	
	
	
	Average 
	Maximum 
	Minimum 
	STD 

	RACH Format 2
	1%Pmiss 0.1%Pfa
	8
	141.77
	143.99
	140.27
	1.11

	
	10%Pmiss 0.1%Pf
	2
	146.39
	147.10
	145.67
	0.72

	PUCCH format 1
	1%Pmiss, 1%Pfa
	9
	146.51
	147.95
	144.95
	1.02

	
	1%Pmiss 0.1%Pfa
	1
	146.30
	146.30
	146.30
	N/A

	PUCCH format 1a
	1%Pmiss, 1%Pfa
	9
	147.24
	152.65
	145.25
	2.04

	PUCCH format 2
	1%BLER
	9
	145.99
	146.55
	144.85
	0.64

	Message 3 TBS 56
	10%rBLER
	7
	146.72
	148.50
	145.05
	1.10

	
	10%iBLER
	2
	138.75
	139.24
	138.25
	0.50

	
	1%rBLER
	2
	143.28
	145.90
	140.65
	2.63

	Message 3 TBS 144
	10%rBLER
	7
	143.48
	146.10
	141.59
	1.32

	
	10%iBLER
	2
	135.68
	135.91
	135.44
	0.24

	
	1%rBLER
	2
	141.22
	143.50
	138.94
	2.28

	VoIP AMR 12.2 kbps
	2%rBLER
	8
	141.68
	143.54
	138.78
	1.81

	Medium data rate PUSCH 384kbps
	10%iBLER
	9
	132.41
	136.23
	129.96
	1.71

	Minimum data rate PUSCH 14.4kbps
	10%iBLER
	1
	140.65
	140.65
	140.65
	N/A


Table 5-10[2]: Evaluation results statistics of LTE DL channels (2Tx2Rx eNB configuration)
	Channels
	Performance target
	Number of sources
	MCL(dBm)

	
	
	
	Average 
	Maximum 
	Minimum 
	STD 

	PDCCH format 1a
	1%BLER(8CCE)
	6
	146.06
	147.86
	143.76
	1.24

	
	1%BLER(4CCE) 
	1
	143.30
	143.30
	143.30
	N/A

	PDCCH format 2c
	1%BLER(8CCE)
	5
	145.24
	146.86
	144.50
	0.92

	
	1%BLER(4CCE) 
	1
	141.70
	141.70
	141.70
	N/A

	PBCH
	1%BLER
	6
	148.84
	149.96
	147.76
	0.80

	PHICH
	0.1%BLER
	6
	145.37
	147.36
	143.36
	1.33

	PCFICH
	1%BLER
	6
	145.77
	147.46
	142.50
	1.78

	PSS
	10%Pmiss
	5
	149.06
	153.96
	146.46
	2.77

	SSS
	10%Pmiss
	4
	148.70
	153.66
	146.46
	2.90

	VoIP 12kbps
	10%iBLER
	6
	142.85
	147.66
	139.06
	3.08

	Medium data rate PDSCH 1Mbps
	10%iBLER
	6
	144.36
	147.73
	139.36
	2.69


3 Potential solutions

Two potential solutions are considered here. One is power boosting and the other is time domain repetition.

3.1 Power boosting
If we choose PUSCH medium data rate as reference channel, 20dB coverage enhancement means to improve the MCL of all channels to about 152dBm. According to table 5-10 in [2], for DL, all control channels can work when MCL is above 145dBm. Especially, for PSS/SSS, to meet 10%iBLER target at 152dBm, 3~4dB enhancement is enough. A natural choice for downlink control channel might be power boosting, i.e. both control channel and reference signal power are boosted according to coverage enhancement requirements.
However, power boosting has its own negative effect and limitation. Firstly, if power boosting is used in one cell, it will generate extra inter cell interference, which will deteriorate other cell’s performance. Secondly, if power boosting is used when system is in quiet time as mentioned in [1], the definition of quiet time should be clarified further, like the periodic and lasting time. Thirdly, power boosting might be only be used for downlink. The reason is that if coverage is limited, uplink channel will transmit at peak power and no power will be left for power boosting. Therefore, we propose

Proposal 2: Power boosting might not be directly used to low-cost MTC 20dB coverage enhancement. 

3.2 Time domain repetition

Another important enhancement method to make coverage enhancements is time domain repetition. The advantages of repetition are: 

· Use the long transmission period to achieve receiver performance improvement

· Comparing to power boosting, repetition will not generate extra inter-cell interference.

The disadvantages of repetition are:

· UE and/or BS receiver should be adjusted to fit long time reception, which will lead to some cost increase.
· If all low-cost UEs use repetition, the system efficiency will decrease dramatically.
We will give some detail discussions on the design of repetition for DL/UL channels.
3.2.1 Downlink repetition
PSS/SSS will transmit every 5/10ms. Low-cost UE could make a longtime synchronization over multiple PSS/SSS transmission. For PBCH, system parameters will broadcast every 10ms. We can assume system parameter will not change in a longtime, i.e., in several minutes or hours. Low-cost UE could also use this repetition transmission to make combination.

For other down link control channels, like PCFICH\PDCCH\PHICH, although a simple time domain repetition can enhance low-cost MTC coverage performance, it will make these channels hard to be multiplexed by other users, which will bring system performance loss. Thus, a special transmission format for low-cost MTC might be useful to overcome this disadvantage. The detail of the special transmission format could be FFS. We propose:

Proposal 3: To support low-cost MTC downlink control channel repetition, a special transmission format might be introduced.

For PDSCH, a directly time domain repetition could be used. The repetition times could be determined after evaluation. Besides, TTI bundling over many subframes could also be considered.
3.2.2 Uplink repetition
To support uplink repetition, eNB receiver needs some modifications, i.e., add a time domain repetition receiving mode. However, for initial uplink access, if eNB doesn’t work in the repetition receiving mode, RACH will not be detected. Therefore, we propose

Proposal 4: New mechanism for initial uplink access should be introduced for low-cost MTC coverage enhancement.

For PUSCH/PUCCH, if eNB works in repetition mode, coverage enhancement could be realized by time domain repetition, like PDSCH. 
4 Conclusion

In this contribution, we discuss the low-cost MTC 20dB coverage enhancement. We first give two proposals:

Proposal 1: A reference channel should be chosen for 20dB enhancement and other channels make the enhancement accordingly. The choice of reference channel can be FFS.
Proposal 2: Power boosting might not be directly used to low-cost MTC 20dB coverage enhancement. 
If time domain repetition is used for low-cost MTC coverage enhancement, two proposals are given:

Proposal 3: To support low-cost MTC downlink control channel repetition, a special transmission format might be introduced.
Proposal 4: New mechanism for initial uplink access should be introduced for low-cost MTC coverage enhancement.
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