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1. Introduction
The study item into low cost MTC has identified several areas of possible cost savings for MTC terminal equipment. Currently the technical report [1] has analysed methods of reducing the cost of MTC terminals and has identified the channels that limit MTC coverage; however, the report has not considered the coverage requirements in locations where smart meters would typically be installed. Smart meters will need to operate in locations where LTE services would be restricted by high building and indoor penetration losses. These losses for smart meters are likely to be larger than expected in a typical LTE deployment. Electric and gas meters are often installed in locations that suffer from poor network coverage, e.g. in a basement, beneath the staircase, or even underground (below a manhole cover). To ensure MTC applications in locations where smart meters are typically installed, the MTC terminals need to be capable of supporting a link budget higher than that for a typical LTE service, with a comparable service area.
This makes it important to consider both MTC terminal cost reductions, in conjunction with infrastructure costs. It is important that terminal cost savings do not increase the cost of deployment. For example reducing the terminal PA power, or only having a single receive branch, will reduce MTC terminal costs, but could degrade coverage resulting in higher network infrastructure and installation costs.

In this paper, we discuss the MTC coverage requirements and identify the physical channels, which could limit MTC applications.
2. Discussion
2.1. Comparison of LTE and MTC coverage
The study item description on low cost MTC devices [2] sets a goal of “20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for normal LTE UEs”.
The objective being to provide coverage for smart meters installed in basements, while permitting the reuse of existing macro GSM base station sites. The definition of ‘normal LTE’ coverage is left open, as it will depend on the environment in which the network is deployed, e.g. rural or dense urban, and the type of services the operator supports. For example, networks in rural areas are primarily designed for coverage, whereas in urban network deployments the main objective is to provide capacity for high data rate broadband services.
For the purpose of this analysis two target Maximum Coupling Losses (MCL) have being defined. The first maximises coverage, the second assumes a LTE network designed to support a high capacity deployment with 16-QAM up to the cell edge. The first MCL target is derived from the MCL needed for an uplink physical layer data rate of 20 Kbps (PUSCH)
. The second MCL target is derived from the MCL needed to support 16-QAM rate-½ on PDSCH
. 
This leads to two MCL target values: 161dB for maximum coverage and 155 dB for a typical high capacity LTE deployment.
The remaining analysis focuses on the 161dB MCL as this maximises coverage and is the more challenging scenario. In Figure 1 we show the MCL values from table 5.2.1.2-2 in TR 36.888, and the target MCL level necessary to improve MCL by 20dB.
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Figure 1: MCL results in TR36.888 in comparison to target MCL values
Table 1 shows the shortfall between the target MCLs and each physical channel.
	Reference for the coverage extension
	PUCCH

(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH

(1A)

	MTC applications with an uplink data rate of 20 kbps
	14
	19
	20
	16
	12
	12
	15


Table 1: MCL improvements required for different channels [in dB] 
To achieve a 20dB improvement in network coverage solely by improving the MCL values for all the physical channels may be challenging; however, it should be noted that network coverage can be improved without the need for increasing MCL.
Terminals with better antenna gain will improve network coverage; making use of a frequency band with lower propagation losses will also give better network coverage. The definition for MCL does not take account of antenna gain and is independent of the frequency band used. For example, the antenna gain of a typical multiband smart phone is approximately -1dBi, whereas a single-band smart meter should be able to accommodate an internal antenna with a gain of around +1dBi and would not suffer from RF switching losses. This could reduce the MCL improvement needed to meet the coverage target for a smart meter by up to ~2dB.
Current LTE systems have been designed for low latency and high traffic levels with large packet sizes whereas smart meters only need to transfer small amounts of information that are delay tolerant; as a result, current LTE systems are not optimal for some types of MTC traffic. The coverage enhancements required by smart meters should take account of the traffic characteristics of these services, taking advantage of their different requirements.

The use of repetition will help improve the coverage for data channels. Information sent over the data channels can be retransmitted at the expense of network capacity; however, repetition is less practical for the control channels. For this reason, it is likely that the control channels will act as a bottleneck for any coverage enhancement.
3. Conclusion

MTC services will need to operate in a range of different locations; including areas with higher than normal in-building penetration losses. It is clear that coverage improvements required for smart meters will depend on the networks that are currently deployed and what is considered normal LTE coverage. What is considered normal LTE coverage will depend on the network environment and the types of service operators wish to provide to their customers.

In this paper, we have considered LTE deployments that maximise coverage and also considered high capacity LTE deployments, in both cases there is a shortfall in the required MCL to meet the coverage requirement needed for smart meters installed in basements. In case the coverage cannot be met solely by incremental improvements in MCL, other methods of coverage enhancements will have to be considered, e.g. the use of better antennas than found in typical multiband smart phones.
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5. Annex 1 – MCL calculation for “high capacity” coverage, defined by a downlink modulation of 16QAM at cell edge on the PDSCH
Parameters based on reference channel R.11 from TS36.101 table 8.2.1 2.1-2, with BS transmit diversity.

PDSCH with 70% throughput
Modulation and coding - 16 QAM, rate ½

Carrier bandwidth - 10 MHz
Fading channel model - EVA5

	MCL calculation for “high capacity” coverage
	

	Transmitter
	

	(0) Max Tx power  (dBm)
	46

	(1) Actual Tx power (dBm)
	46.0

	
	

	Receiver
	

	(2) Thermal noise density (dBm/Hz)
	-173.9

	(3) Receiver noise figure (dB)
	9

	(4) Interference margin (dB)
	0

	(5) Occupied channel bandwidth (Hz)
	9,000,000

	(6) Effective noise power     = (2) + (3) + (4) + 10 log((5))  (dBm)
	-95.4

	(7) Required SINR (dB)
	6.8

	(8) Receiver sensitivity               = (6) + (7) (dBm)
	-88.6

	(9) MCL           = (1) - (8) (dB)
	134.6


� MCL for the PUSCH comes from TR 36.888 in section 5.2.1.2


� The MCL is calculated for reference channel R.11 (10 MHz, EVA5, 16 QAM rate ½) in TS 36.101. The required SINR for this reference channel with transmit diversity is 6.8 dB, see Table 8.2.1 2.1-2
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