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1. Introduction

In RAN1#72, revised simulation assumptions for the evaluating coverage improvements for PDSCH and PUSCH were decided in [4].  Furthermore, several solutions for coverage enhancement of the PDSCH/PUSCH were also presented.  They included PSD boosting, new channel design, repetitions or TTI bundling, retransmissions, and RLC segmentation.   In this contribution, we present link-level results to show that, for FDD, the coverage enhancement requirement for the data channels can be in principle met as such using extreme repetition.
2. Link-level Results

Table 1 summarizes the link budget of LTE Rel. 11 channels to be used as the baseline for coverage improvement. 

Table 1. MCL for normal LTE.
	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
	140.7
	20.0
	147.4
	19.3

	DL
	PDSCH
	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


PUSCH:

Figure 1 illustrates PUSCH performance for extreme PUSCH repetition using simulation parameters outlined in Table 2.  From Table 1, it is seen that a 20dB improvement is required for PUSCH in FDD.  Using MCS 0 and 1 RB transmission as the reference (TBS of 16 bits + 24-bit CRC), the 10% BLER point is approximately 0.8 dB with realistic channel estimator.  Results with ideal channel estimation are also shown using solid lines for reference.  A detailed description of the realistic channel estimator used in these simulations can be found in [2]. The channel estimator combines pilots from multiple subframes to derive the channel estimate to be applied for PUSCH demodulation.  From Figure 1, it is seen that to reach 20 dB coverage improvement, approximately a repetition factor of 200 is required (i.e. PUSCH is transmitted continuously over 200ms).  This results in a supportable data rate of approximately 80bps. Note that performance at these low SINRs is very sensitive to the channel estimator.  
[image: image1.emf]-30 -25 -20 -15 -10 -5 0 5

10

-2

10

-1

10

0

PUSCH - 10MHz, 1Tx-2Rx, EPA (1Hz), ferr=100Hz, MCS0, 1RB - 16 bits + 24-bit CRC

SNR (dB)

BLER

 

 

Ideal  

ChanEst

Realistic

ChanEst   

No Repetition

100 Repetitions

200 Repetitions

300 Repetitions


Figure 1.  PUSCH performance with repetition (FDD). 
PDSCH:
Figure 2 illustrates PDSCH performance applying different amount of repetition using simulation parameters outlined in Table 2.  From Table 1, it is seen that 15.3dB improvement is required for PDSCH in FDD.  Using MCS 0 and 6 RB transmission as the reference (TBS of 152 bits + 24-bit CRC), the 10% BLER point is approximately -5.9 dB SINR with realistic IFFT-based channel estimator.  Results with ideal channel estimation are also shown using solid lines as a reference.  The channel estimator also combines pilots from multiple subframes (filter length of 20 subframes) when repetition is used.   
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Figure 2.  PDSCH performance with repetition (FDD).

In Figure 2, performance with various repetition factors is shown.  From 2, it is seen that to reach -21.2 dB (i.e. 15.3 dB improvement from -5.9 dB), approximately 50 times repetition factor is required (i.e. PDSCH is transmitted over 50ms) with 3dB pilot/reference signal (CRS) boosting.  This results in a supportable data rate of approximately 3Kbps. Without 3dB pilot/reference signal (CRS) boosting, the required number of repetitions is approximately 80.  Note that pilot boosting is still possible even at 1.4MHz BW by puncturing some data symbols.
From the results shown, it is seen that 80 repetitions are required. This is for LTE devices with 2 received antennas deployed in system bandwidth of 10MHz.  For low-cost MTC devices which may have reduced bandwidth capability (e.g. 1.4 or 3 MHz), additional frequency diversity loss of 1-2 dB can be expected.  If only one receiver chain is present, then further 3-4 dB loss can be expected.  Thus, for low-cost MTC devices operating in 1.4MHz system bandwidth, a repetition factor in the order of 400 times may be required for cell-edge UEs.  Although it is expected that these devices will be scheduled during quiet period, there is still a considerable cost for all these repetitions.

The results are summarized in Table 2.

Table 2.  Required repetitions for FDD coverage enhancement (10 MHz).
	Channel
	MCL (dB)
	Number of Repetitions Required

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

	PUSCH – MCS 0, 1RB
	140.7
	20.0
	200

	PDSCH – MCS 0, 6RBs
	145.4
	15.3
	80 with 0dB pilot boosting

50 with 3dB pilot boosting


3. System-level Results

Figure 3 illustrates the approximate PUSCH resource utilization under 3GPP Case 3 with the number of homes in each cell given in [3].  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 [3].  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 still quite low.  For instance, assuming the number of homes per cell from Tokyo in a 10MHz LTE system and 100% of the smart meters experience 20 dB additional pathloss (e.g. all are installed in the basement), approximately 4.1% of the PUSCH resources are needed to support this service.
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Figure 3.  PUSCH Resource Utilization (FDD).

PDSCH resource utilization is not considered here due to the very low data rate required in the downlink.  From [3], 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.

Note that the resource utilization shown in Figure 3 is only for uplink data transmission.  Other overhead such as random access, RRC configuration and establishment, and feedback have not been considered here.  These other overhead will be considerable as well.
4. Conclusions
Based on the results shown in this contribution, it is seen that, for an FDD system, it is possible to extend the coverage of the PUSCH and PDSCH through excessive use of repetition.  For the data channels, these coverage improvements require significantly larger amount of resources.    
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Table 2. Link-level simulation parameters for data channels.
	Parameter
	PDSCH
	PUSCH

	System
	10 MHz, FDD, 2.0 GHz
	10 MHz, FDD, 2.0 GHz

	Antenna Configuration
	2x2 low correlation
	1x2 low correlation

	Channel Model
	EPA
	EPA

	Doppler Shift
	1Hz
	1Hz

	MCS
	0
	0

	Number of RBs
	6
	1

	Frequency Error
	100 Hz 
	100 Hz 

	Minimum Required SINR
	-19.3 dB [FDD]
	-24.3 dB [FDD]

	Channel Estimation
	Ideal and I-FFT based with FIR filtering across subframes, filter length = [20]
	Ideal and practical channel estimator (see [2] for description) with FIR filtering across subframes, filter length = [20]

	Transmission Mode
	2
	1

	Performance Target
	10% BLER
	10% BLER


