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1. Introduction

In RAN1#71, coverage improvement for MTC UEs were considered with several possible techniques identified [1]. In this contribution, we summarize coverage improvement techniques outlined in [3] and provide performance results using longer transmission or reception time to improve coverage.
2. Coverage Improvement
Table 1 summarizes the link budget for normal LTE channels to be used as the baseline for coverage improvement. In this case, the cell edge data rate was assumed to be 20 kbps, which may be considered a reasonable rate for normal LTE UEs supporting also voice services. 
Table 1. MCL for normal LTE [2].
	Channel
	MCL (dB)

	
	FDD (2Tx/2Rx at eNB)
	Improvement Needed (dB)
	TDD (8Tx/8Rx at eNB)
	Improvement Needed (dB)

	UL
	PUCCH (1a)
	147.2
	13.5
	149.4
	17.3

	
	PRACH
	141.7
	19.0
	146.7
	20.0

	
	PUSCH (20 kbps)
	140.7
	20.0
	147.4
	19.3

	DL
	PDSCH (20 kbps)
	145.4
	15.3
	148.1
	18.6

	
	PBCH
	149.0
	11.7
	149.0
	17.7

	
	SCH
	149.3
	11.4
	149.3
	17.4

	
	PDCCH (1A)
	146.1
	14.6
	146.9
	19.8


In the SID, a 20dB improvement in coverage in comparison to defined LTE cell coverage for normal UE is envisioned. For FDD, the PUSCH is the limiting channel and will therefore require coverage improvement of 20 dB while other channels will require between 11.4 – 19.0 dB of coverage improvement. For TDD, the PRACH is the limiting channel. Due to the use of 8 antennas in TDD, the difference between UL and DL coverage is less pronounced. Therefore, most channels will require at least 17 dB of coverage improvement.
3. Potential Solutions
In [3], several potential solutions to address coverage improvement were presented. They include –
· Increase transmission time (e.g. TTI bundling, HARQ, repetition) can be used for data and control channels. 
· Increase reception time: For some channels such as the SCH and PBCH, the information being transmitted is static or semi-static. Therefore, longer averaging can be used by the UE to aid demodulation in low SINR.
· Code repetition: Code repetition (e.g. spreading) is a scheme that can be used to support data transmission in low SINR. It can be done in the time or frequency domain, or in both. In LTE, spreading is already being used on the PUCCH. Therefore, a straightforward extension may be to reuse PUCCH format 2 or 3 for PUSCH data transmission. This will also allow multiple MTC devices to be multiplexed on the same PRB, thus reducing MTC impact on system performance.
· Beamforming: Beamforming can be used to extend the coverage of the PDSCH. Feedback overhead should be minimal if the MTC UEs are stationary.
· Power boosting: In the DL, the eNB can boost power by stealing power away from other users or channels. In the uplink, this is not possible since UE is already transmitting at the maximum power level.
Improvements can also be considered based on enhancements to the reference hardware design. Although these features will increase cost, it may be an acceptable trade-off given the small population of coverage limited UEs. They include higher UE transmission power, additional RX receiver chains, and antenna configuration or placement.  
Additional improvements based on deploying additional network elements are also possible. They include the use of relay/repeaters and network densification (e.g. via small cells).

4. Link-level Results

In this section, possible coverage improvements from using increased transmission or reception time are considered. Simulation parameters are shown in Table 2 [6]. Please note that the results shown here are for FDD only.
PUSCH
Figure 1 illustrates PUSCH performance with repetition to achieve different data rates. At the 10% FER, the required SNR for 20 kbps data service is approximately -4.8 dB. Two different channel estimation algorithms are used – ChEst1 is based on the channel estimator from [4]. Here, channel estimation is performed per each received subframe. At very low SNR, an enhanced channel estimator (ChEst2) is used. This channel estimator combines pilots from multiple subframes to arrive at the estimates.
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Figure 1. PUSCH performance with repetition (FDD).
From the figure, the required SNRs to support different data rates at 10% FER are shown. At 20 dB below the coverage area corresponding to 20 kbps service, it can be seen that data rate of 200 bps can be achieved. This corresponds to a repetition factor of 100. Higher data rate may be possible using other techniques (e.g. code spreading, advanced receiver, etc). Using the smart meter traffic characteristics from [5], the following rates are estimated – command-response and exception report: ~100 bytes in ~5 secs, and periodic reports: ~100 bytes daily or monthly. It is seen that these rates can be satisfied. 
PDSCH
Figure 2 illustrates PDSCH performance with repetition to achieve different data rates. At very low SNR, an enhanced channel estimator is used. Similar to that use for the PUSCH, this channel estimator combines pilots from multiple subframes to arrive at the channel estimates. 
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Figure 2. PDSCH performance with repetition (FDD).

From the figure, the required SNRs to support different data rates at 10% FER are shown. At 15 dB below the coverage area corresponding to 20 kbps service, it can be seen that data rate of 750 bps can be achieved. Using the smart meter traffic model from [5], it is seen that this rate is sufficient to satisfy the demand of services requiring coverage improvement.

Note that spreading or repetition in the frequency domain is also possible and may be preferable from the network operation point of view. In this case, channel estimates averaging can be done in the frequency domain. A combination of time and frequency repetition is also possible for the downlink.
SCH
Figure 3 illustrates SCH detection performance using 80ms and 200ms detection windows. Every instance of PSS/SSS within the detection window is used to aid in the detection. . The time delay results are at 90% rate of correct detection. For normal LTE, the SCH operating point for an FDD system is at -7.8 dB [2]. Additional 11.4 dB is needed for coverage enhancement, resulting in the required operating point of -19.2 dB. From the figure, it can be seen that approximately -20 dB, cell detection is possible in about 200ms. Thus, cell detection is possible given sufficiently long detection window. 
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Figure 3. SCH performance (FDD). 
PRACH
Random access preamble detection performance is shown in Figure 4. In this case, PRACH Format 2 is used and 1% detection probability is targeted. For normal UEs, this detection probability can be achieved at approximately -10 dB. For UEs requiring coverage improvement of 20 dB, this detection probability can be achieved using a repetition factor of 100 as shown in Figure 4.
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Figure 4. PRACH performance with repetition (FDD).

PDCCH/PUCCH
From the analysis done for data channels, it is seen that significant coverage improvement is feasible for data channels in FDD and at least data rates of 200 bps can be supported in the uplink. For the control channels, given the significantly smaller number of control information bits to be transmitted, a similar approach might also be taken. However, repetition or spreading in time may be more challenging to realize for control channels, especially for dynamically scheduled control information such as the DCI. As a result, alternative solutions may be needed for the control channels.
5. System-level Results

Figure 5 illustrates the approximate PUSCH resource utilization under 3GPP Case 3 with the number of homes in each cell given in [5]. The number of homes in two cities are modeled – London and Tokyo. Within each home, there are three smart meters. The data rate assumed here is for smart meter periodic reporting – 100 bytes per smart meter with daily reporting [5]. In the analysis, a certain fraction of the smart meters are assumed to be in poor coverage. In this case, poor coverage is defined as 20 dB additional pathloss. From the figure, it is seen that the PUSCH resource utilization increases significantly as more smart meters are put in poor coverage. However, due to the very low data rates of these meters, the overall resource utilization is quite low. For instance, using the number of homes per cell for Tokyo, in a 10MHz system, if 100% of the smart meters experience 20 dB additional pathloss (e.g. all were installed in the basement), approximately 4.1% of the PUSCH resources are needed to support this service.
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Figure 5. PUSCH Resource Utilization (FDD).

PDSCH resource utilization is not considered here due to the very low data rate required in the downlink. From [5], downlink data is used in case of command-response traffic – ~20 bytes for downlink command and ~100 bytes for uplink response with a latency of 10 seconds. From the traffic characteristic, it can be assumed that PDSCH resource utilization will be significantly lower than PUSCH resource utilization.
6. Conclusions
Based on the results shown in this contribution, it is seen that, for an FDD system, it is feasible to extend the coverage of the system by 20 dB through the use of longer transmission or reception time. For the data channels, this coverage improvement requires significantly larger amount of resources. However, because the data rates of these MTC devices are very low, the overall impact to the system is small.   
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Table 2. Link-level simulation parameters.
	Parameter
	PDSCH
	SCH
	PUSCH
	PRACH

	System
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2 low correlation
	1x2 low correlation

	Channel Model
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	1 KHz
	20 Hz
	20 Hz

	Channel Estimation
	I-FFT based
	-
	[4]
	-

	Transmission Mode
	2
	14.6
	1
	Format 2

	Performance Target
	10% BLER
	10% Prob Miss
	10% BLER
	1% Prob Det


