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1
Introduction
In this paper, we present an overview of the coverage enhancement techniques for MTC devices. 
In the SI report [1], the following requirements are suggested for MTC devices: 
Ensure that service coverage footprint of low cost MTC UE based on LTE is not any worse than the service coverage footprint of GSM/EGPRS MTC device (in an GSM/EGPRS network) or that of “normal LTE UEs” (in an LTE network) assuming  on the same spectrum band.
In the updated study item description [2], the following coverage enhancements were further identified:
Ensure that service coverage is not worse than GSM/GPRS, at least comparable and preferably improved beyond what is possible for providing MTC services over GPRS/GSM today (assuming deployment in the same spectrum bands). 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 identifying solutions, any other related work agreed for Release 12 should be taken into account.
In [3], we provided an overview on various coverage enhancement techniques for MTC. In this contribution, we focus on the coverage enhancements by deploying small cells along with system evaluation results.
2
Discussion
2.1
Coverage Enhancement Techniques through Small Cell Deployment
As discussed in details in [3], various techniques can be considered for MTC coverage enhancements:

· Extended TTI for data transmission

· Persistent scheduling instead of dynamic scheduling

· Fixed control channel region and PDSCH starting symbols

However, to meet the 160 dB MCL requirements, significant changes are needed for other channels such as PSS/SSS/PBCH/Paging/RACH procedure, etc. We suggest to use small cell deployment for further enhancements. 
For Rel 11 and Rel 12, network densification with small nodes has been an active topic mainly for capacity enhancements. For CoMP and eICIC, for example, various numbers of Pico or RRH are deployed within the coverage of a Macro cell. In Rel 12, there is a new SI on small cell enhancements. 
In addition to capacity enhancements, small cell deployments can also benefit coverage limited UEs and MTC devices. A simple deployment model is shown in Figure 1 below. 
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Figure 1: MTC Coverage Enhancements with Tiered Architecture
We analyze the following impacts for this approach:
1. Link budget:

a. MTC devices can communicate with a close by small cell. Therefore, the link budget requirements can be similar to those for the regular LTE devices and even reduced for further cost and battery saving.
2. Specification impact:

a. Because the link budget for MTC can be kept similar to regular UEs, there is no need to introduce significant redesign for various channels and procedures

3. eNB HW/SW/Operation impacts:

a. There is little impact on the eNB HW/SW/Operation. 

b. The small cells will handle the communications to the MTC devices.

4. Energy efficiency:

a. With the tiered architecture, MTC devices can transmit and receive with much higher energy efficiency than using extended TTI. 
b. Furthermore, the transmission time for the MTC services can be synchronized with the LPN’s transmission/reception time, if LPN needs to be turned off for enery saving. This is shown in Figure 2. 
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Figure 2. Energy Efficient Operation of LPN and MTC Devices

Observation 1: 

Small cell deployment can provide both capacity enhancements for regular UEs and coverage enhancements for MTC devices. This can be used in addition to other coverage enhancement techniques to meet the stringent link budget requirement while reducing the cost and power consumption of the MTC devices. 

2.2
System Simulation Results with Small Cell Deployment

We model small cell deployment in a standard macro cell layout using the channel models specified in [4]. We use 3GPP Model 1 for modeling the distance dependent path loss for a heterogeneous network. 
We consider both D1 (500m inter-site distance) and D3 (1732m inter-site distance) layouts. Our system evaluations are for fc=2GHz for D1 layout and fc=700MHz for D3 layout. We consider a co-channel deployment of macros with transmit power of 46 dBm (antenna gain of 14 dBi) and small cells with transmit power of 24 dBm (antenna gain of 5 dBi). We consider 10/20/40 small cells deployed per macro cell area. 
We consider 200 MTC UEs dropped uniformly per macro cell. We model 20% of these MTC UEs to have a severe penetration loss of 45dB, which is 25 dB more compared to the standard penetration loss of 20 dB assumed in [4]. Such severe penetration loss is chosen to model MTC UEs that are deployed in coverage limited areas such as basement of buildings. 
We evaluate the carrier-to-noise ratio (C2N) and the carrier-to-interference-plus-noise ratio (C2I) in the DownLink (DL) to strongest cell and the path loss in the UpLink (UL) to the cell with least path loss. We report the 5% of the downlink C2N and 5% of the downlink C2I. For uplink, we report both the 95% and 99% path loss. These simulation results are based on a 10 MHz bandwidth. 
Table 2 shows the coverage metrics for D1 layout at fc=2GHz. For the macro baseline without any small cells, we see a high UL path loss of 147.52dB at the higher tail. This is due to additional penetration loss of 25dB imposed on 20% of the UEs. We see that with small cell deployment, we reduce the required UL path loss by 11 dB with 20 small cells. Note that the small cell deployment does not severely impact the downlink interference. Table 3 shows the corresponding coverage metrics for D3 layout at fc=700MHz. For the D3 layout, which has larger inter-site distance, the macro baseline has a severe UL path loss of 158.14 dB. This scenario is coverage limited even on the DL, and small cell densification provides coverage improvements for both DL and UL. With 20 small cells, the UL path loss is reduced by 13 dB.
Table 1: Impact of small cell densification for D1 layout at 2GHz

	Scenario
	C2N (5%-ile) dB
	C2I (5%ile) dB
	UL path loss (95%ile) dB
	UL path loss (99%ile) dB

	Macro baseline
	1.67
	-3.42
	139.79
	147.52

	Macro + 10 small cells
	2.14
	-4.02
	131.12
	139.95

	Macro + 20 small cells
	2.71
	-4.29
	127.52
	136.39

	Macro + 40 small cells
	4.04
	-4.83
	121.72
	130.71


Table 2: Impact of small cell densification for D3 layout at 700MHz
	Scenario
	C2N (5%-ile) dB
	C2I (5%ile) dB
	UL path loss (95%ile) dB
	UL path loss (99%ile) dB

	Macro
	-8.68
	-9.17
	150.14
	158.14

	Macro + 10 small cells
	-7.98
	-8.61
	140.3
	149.4

	Macro + 20 small cells
	-7.3
	-8.07
	136.41
	145.64

	Macro + 40 small cells
	-5.48
	-7.13
	131.17
	140.82


Observation 2: 

Significant coverage enhancements can be achieved through small cell deployment. 

3
Conclusion

In this contribution, we discussed coverage enhancements of MTC by small cell deployment. Note that in Rel 11, we have considered small cell deployment extensively for capacity enhancements, such as CoMP and eICIC.  Based on the system simulation results, we have observed that small cell deployment can not only improve capacity for regular users but also significantly benefit MTC coverage. 

Based on this analysis, we propose the following:

· Small cell deployment should be considered as coverage enhancement techniques for MTC along with other possible enhancement techniques. 

Summary of other coverage enhancement techniques is presented in [3].
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