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1. Introduction

During RAN #57 meeting, RP-121441 “Updated SID on: Provision of low-cost MTC UEs based on LTE” was approved.  The coverage enhancement target was determined as “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”.  

Since 20dB improvement requirement is based on assumption of comparing to “normal LTE UEs”.  As discussed in [4], coverage enhancement shall be focused on the need to ensure that low-cost LTE techniques did not provide coverage reduction compared to the existing LTE coverage footprint offered.
In this contribution, we discuss and evaluate the coverage enhancement techniques to meet the following two targets:
· Target 1: coverage enhancement techniques to compensate the coverage loss caused by cost reduction techniques

· Target 2: extra 20dB coverage improvement
The potential coverage enhancement techniques for low cost MTC UEs are required to bring no considerable complexity requirement increase. 
2. Discussion on coverage improvement techniques
2.1 Coverage improvement to compensate the coverage loss caused by cost reduction techniques
As summarized in [1], it will be up to 9dB average degradation to cell coverage loss if the recommended cost reduction techniques are adopted. From Table 1, we can conclude that the major cost reduction techniques impacting coverage are DL-1/DL-2 BW Reduction and Single receive RF chain.
	Table 1. Coverage impacts of techniques for cost reduction
　
	Average degradation to cell coverage
	Average overall UE cost reduction gains

	Peak Rate reduction (TBS) + DL-1/UL-1 BW Reduction + Single receive RF
	5~9 dB
	59%

	
	
	

	Peak Rate reduction (TBS) + DL-2/UL-2 BW Reduction + Single receive RF
	Same as for BW reduction + Single receive RF
(5~9dB)
	56%

	TM(1/2+9) + Peak Rate reduction (TBS) + DL-2/UL-2 BW Reduction+ Single receive RF
	Same as for BW reduction + Single receive RF

(5~9dB)
	56%


The coverage degradation caused by DL-1/DL-2 BW Reduction and Single receive RF is especially on downlink. Coverage degradation should be entirely compensated to ensure same service coverage as LTE for the coverage limiting channel(s) as a pre-requisite for adopting single receive RF chain and DL-1/DL-2 BW reduction. As discussed in [1], standards impacting schemes to compensate for downlink coverage include definition of higher aggregation levels, compact DCI formats and the use of ePDCCH.  The coverage improvement performance of Definition of higher aggregation levels, compact DCI formats and ePDCCH are evaluated in this section.
2.1.1 Definition of higher aggregation levels
If DL-3 BW reduction technique is adopted for low cost MTC UEs, PDCCH performances under different aggregation levels are shown in Figure 1. According to the simulation result, gain from 8CCE to 16CCE is about 2.8dB.
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Figure 1. PDCCH performance with aggregation level 8 and 16
(@10MHz & DCI=29bit)
ePDCCH with higher aggregation level may also be considered to compensate the coverage loss of downlink control channel. 

2.1.2 Compact DCI formats
Compact DCI formats can be considered as a supplementary method to enhance the downlink coverage.
If DL-3 BW reduction technique is adopted for low cost MTC UEs, impacts of different Compact DCI formats are shown in Figure 2. Performance gain from DCI format size 29 bits to 19 bits is about 1.3dB while gain from DCI format size 19bits to 9bits is about 1.1dB.
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Figure 2. PDCCH performance with different DCI formats (10MHz)
If DL-1or DL-2 BW reduction technique is adopted for low cost MTC UEs, impacts of different Compact DCI formats are shown in Figure 3. Performance gain from DCI format size 23 bits to 13 bits is about 1.5dB.
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Figure 3. PDCCH performance with different DCI formats (1.4MHz)

Simulation result in Figure 4 shows that up to 5.3dB gain may be achieved if combination of higher aggregation level and compact DCI format size are used to compensate the downlink coverage loss.
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Figure 4. PDCCH performance if combination of higher aggregation level and compact DCI format
2.1.3 Use of ePDCCH
Figure 5 shows ePDCCH and PDCCH performance compare under 1.4MHz BW and 2T1R. From the simulation results, we can see ePDCCH can bring about 0.5~4.5dB coverage gain. For further consideration, more gains could be obtained for high correlation scenarios when Beamforming works well.  Use of ePDCCH can be considered as an important downlink coverage enhancement solution. 

[image: image5.emf]-8 -6 -4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

SNR

BLER

 

 

PDCCH 4CCE

ePDCCH 2RB

ePDCCH 4RB


Figure 5.  ePDCCH and PDCCH performance compare @1.4MHz BW & 2T1R

Observation 1： Considering the coverage improvement solutions to compensate the downlink control channel， Use of ePDCCH can bring about 0.5~4.5dB coverage improvement
Proposal 1: Use of ePDCCH is suggested to be considered as an important coverage enhancement solution.
Proposal 2：Compact DCI formats can be considered as a supplementary method to enhance the downlink coverage.
2.2 Coverage improvement to meet 20dB coverage enhancement target
 “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)” requirement is stated in [3]. Extra 20dB coverage improvement is needed to compensate the penetration loss for those MTC UEs such like smart meters. Considering the performance difference of various channels, the coverage improvement target needed to each channel will be different. Coverage enhancement techniques shall not bring considerable complexity requirement increase.
Power Boosting may be a simple and effective way to improve the coverage performance. However, it may bring serious interference problems. Especially, if effective interference coordination related schemes are applied, Power boosting will be a good solution to improve the downlink coverage performance. For example, all of the power can be concentrated in the narrow bandwidth for MTC UEs and low cost MTC UEs with low coverage performance will share this power boosted resource region during quiet time when network is not busy. 

Enhancement on interference mitigation or interference coordination for both downlink and uplink without considerable complexity increase should be further studied to improve the coverage performance for low cost MTC UEs.
2.2.1 Coverage enhancement discussion on Downlink control channel
Synchronization channel and downlink broadcast channel can achieve better performance by using implementation related solutions (e.g., energy combining).
In order to improve the coverage of downlink control channel, besides power boosting and the methods described in section 2.1, time domain repetition may also be considered as a potential solution.
2.2.2 Coverage enhancement discussion on Downlink traffic channel
In order to improve the coverage of downlink traffic channel, besides power boosting and time domain repetition(note: TTI = 1 subframe) methods for downlink control channel, smaller transport block size and TTI Bundling may also be considered to improve coverage performance. 
Figure 6 shows the performance of PDSCH with different time domain repetition factors. Compared to single transmission, 8 times time-domain repetition can get about 9dB gain and 16 times time-domain repetition can achieve about 11dB gain.
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Figure 6.  PDSCH performance with different time domain repetition factors
Since Coverage enhancement is for MTC device using very low rate traffic size of the order of 20bytes/message in the downlink, further reducing transport block size and optimizing the coding method may be considered to improve the downlink performance.
2.2.3 Coverage enhancement discussion on access channel
Repetitious transmission of random access Preamble may improve coverage performance of access channel. It may need small specification changes on the Random access procedure for MTC UEs.
Different access preamble formats have different coverage performance. In order for improving coverage of low cost MTC UEs, random access preamble formats with better coverage performance may be configured. However, co-existence issues and detection issues caused by using different preamble formats may need to be further studied.
2.2.4 Coverage enhancement discussion on PUCCH
Power boosting and time domain repetition can be considered as potential solutions to improve the coverage of uplink control channel.
Figure 7 shows the performance of PUCCH format 1a with different repetition factor.
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Figure 7.  PUCCH performance with different repetition factor
2.2.5 Coverage enhancement discussion on uplink traffic channel
Power boosting, time domain repetition(note: TTI = 1 subframe), TTI Bundling and much smaller transport block size can be utilized to improve the coverage of uplink traffic channel. 
As shown in Figure 8, compared to single transmission, 8 times time-domain repetition can get less than 6dB gain and 16 times time-domain repetition can achieve about 8dB gain. 

[image: image8.emf]-12 -10 -8 -6 -4 -2 0 2

10

-3

10

-2

10

-1

10

0

SNR in dB

BLER 

 

 

1 times

4 times

8 times

16 times


Figure 8.  PUSCH performance with different time domain repetition factors
Compared to TTI bundling discussed in [5], for low cost MTC UEs, considering traffic size of the order of 100 bytes/message in UL and allowing latency of up to 1 hour in uplink, higher coverage gain may be achieved by bundles of variable TTIs. In addition, scheduling resource with much smaller frequency bandwidth combined with TTI bundling may also be considered as a potential solution to improve the uplink traffic channel coverage.
Observation 2： Compared to single transmission, 8 times time-domain repetition can get about 5~9dB gain and 16 times time-domain repetition can achieve about 8~11dB gain for different channels.  
Observation 3：Power boosting may be considered as a good way to enhance the coverage performance based on the assumption of good interference coordination schemes.
3. Conclusions
In this contribution, we have studied the coverage improvement techniques to compensate the coverage loss caused by cost reduction techniques and to compensate the extra 20dB penetration loss. From our analysis and simulations, we have observed that:
Observation 1： Considering the coverage improvement solutions to compensate the downlink control channel， Use of ePDCCH can bring about 0.5~4.5dB coverage improvement.
Observation 2： Compared to single transmission, 8 times time-domain repetition can get about 5~9dB gain and 16 times time-domain repetition can achieve about 8~11dB gain for different channels.  
Observation 3：Power boosting may be considered as a good way to enhance the coverage performance based on the assumption of good interference coordination schemes.
Considering the suggested coverage improvement techniques, we propose that: 
1. Use of ePDCCH is suggested to be considered as an important coverage enhancement solution to compensate the coverage loss caused by cost reduction techniques.
2. Compact DCI formats can be considered as a supplementary method to enhance the downlink coverage.
3. Time domain repetition is a very important solution to improve the downlink/uplink coverage.  
4. Power Boosting, smaller transport block size and interference coordination enhancement may also be considered as potential coverage enhancement solutions.
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Annex 
A.1 Parameters for simulation
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	PDCCH/ePDCCH：10MHz/1.4MHz
PDSCH/PUSCH/PUCCH：10MHz

	Channel model
	EPA (no correlation)

	Number of TTI
	5000

	Velocity
	3km/h

	Modulation mode
	QPSK

	Antenna configuration
	PDCCH/ePDCCH：2Tx-1Rx 

PDSCH：2Tx-2Rx

PUCCH/PUSCH：1Tx-2Rx

	Channel estimation
	Practical

	CP type
	Normal CP

	Noise estimation
	Ideal

	Number of UEs
	1

	OFDM Symbols  for PDCCH
	3

	DCI Format
	Format 1A

	UCI Format
	Format 1A

	TBS
	PDSCH：1384bit

PUSCH：304bit



































