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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 this contribution, we discuss various techniques to provide coverage enhancements for MTC devices, alone with some link level analysis on the possible gains. 
2
Discussions
2.1
Cost Reduction Techniques

One of the main design criterions for MTC has been cost reduction. So far, the following cost reduction techniques have been considered in the SI phase:
· Narrowband operation

· Low peak rate requirements

· 1 Rx antenna at the MTC device
· Reduced transmission mode support

· Half duplex operation

· Reduced transmission power from the MTC

Note that many of these techniques have negative impact on coverage, e.g.:

1. Narrowband operation reduces frequency diversity

2. 1 Rx antenna at the MTC device removes spatial diversity and energy combining gain from the receiver

3. Reduced transmission power from the MTC directly reduces the link budget on the uplink

Observation 1 on coverage vs. cost: 

Most of the cost reduction techniques have negative impact on coverage. 
2.2
MCL for MTC Devices
For regular UE’s operation, the following channels/signals are required:
1. PSS/SSS/PBCH

2. RACH

3. PCFICH/PDCCH

4. PUCCH

5. PDSCH/PUSCH (including SIB, paging)

The following MCL results have been captured in the SI report [1]:

Table 5.2.1.2-2: MCL calculation for normal LTE FDD*
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	Data rate(kbps)
	
	
	20
	20
	
	
	

	Transmitter
	
	
	
	
	
	
	

	(0) Max Tx power  (dBm)
	23
	23
	23
	46
	46
	46
	46

	(1) Actual Tx power (dBm)
	23.0
	23.0
	23.0
	32.0
	36.8
	36.8
	42.8

	Receiver
	
	
	
	
	
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174
	-174
	-174
	-174
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5
	5
	9
	9
	9
	9

	(4) Interference margin (dB)
	0
	0
	0
	0
	0
	0
	0

	(5) Occupied channel bandwidth (Hz)
	180000
	1080000
	360000
	360000
	1080000
	1080000
	4320000

	(6) Effective noise power
         = (2) + (3) + (4) + 10 log((5))  (dBm)
	-116.4
	-108.7
	-113.4
	-109.4 
	-104.7
	-104.7
	-98.6 

	(7) Required SINR (dB)
	-7.8 
	-10.0
	-4.3
	-4.0 
	-7.5 
	-7.8 
	-4.7 

	(8) Receiver sensitivity
         = (6) + (7) (dBm)
	-124.24 
	-118.7 
	-117.7 
	-113.4 
	-112.2 
	-112.5 
	-103.34 

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1


*Note: eNB is assumed with 2 Tx and 2 Rx in FDD systems.

Based on these simulation results, if we target 160 dB MCL for MTC devices, the following coverage enhancements are needed for each of the channels: 
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Additional enhancements (dB)
	13
	18
	19
	15
	11
	11
	14


Note that the results in this table assumes 0 dB interference margin. In a loaded system, additional link budget is required. 
Also note that RACH MCL can be increased if we allow lower detection probability taking into account the latency requirement for MTC. Link level simulation shows that if we relax the RACH detection probability to ~50%, the required link budget improvement for RACH becomes similar to SCH and PBCH. 
Observation 2 on required enhancements: 

To achieve the 20 dB link budget improvement for MTC, more than 10 dB improvement is needed for all the channels even with 0 dB interference margin assumption.
Next we consider coverage enhancements for each of the channels above with two general approaches:

· Coverage enhancements based on extended transmission time

· Coverage enhancements based on small cell deployment 
2.3
Coverage Enhancement Techniques through Extended Transmissions
2.3.1. SCH/PBCH enhancements

PSS/SSS/PBCH are designed with sufficient link budget margin for regular LTE operations. Since legacy UEs rely on these channels for cell acquisition, they can not be changed or simply repeated for better coverage. Some link budget improvement can be achieved at the expense of longer acquisition time, but the coverage enhancements by longer averaging are limited, especially in the synchronised network. 

For MTC in deep coverage hole, one option is to introduce new PSS/SSS/PBCH design with additional link budget improvement. The new PSS/SSS/PBCH signals will need to be transmitted in the dedicated MTC subframes for the MTC devices. This will have both specification and eNB HW impacts. 
2.3.2. RACH enhancements

For RACH, repetition or extending the sequence length can achieve some energy combining gain. This also requires specification changes and possible eNB HW changes. In addition, since the current RACH procedure has transmission delay requirements, e.g. RACH response window, coverage enhancement techniques based on large delay tolerance will need to be introduced for RACH Msg 2, Msg 3, etc. 
2.3.3. Downlink control enhancements
From PDCCH format 1a, the required enhancements are 14 dB. A few options can be considered for MTC:

1. Persistent scheduling operation: for most of the MTC transmissions, rely on some fixed MCS and assignment for both DL and UL data transmissions. 

2. The intial assignments as well as other signaling can be delivered by a downlink control channel with reduced DCI format as well as bundled transmission to enhance coverage. 
3. PDCCH with larger aggregation level, but the link budget gain is limited. 
The control channel region as well as PDSCH starting symbol position can be either fixed or RRC signaled instead of dynamically signalled by PCFICH. 
2.3.4. Uplink control enhancements
PUCCH carries ACK, SR and CSI. For MTC, we have the following options:

· HARQ_less operation from MTC, i.e. do not support PHY layer HARQ

· Extended ACK repetition, this will impact HARQ timeline 
· SR can be replaced by RACH, given that RACH procedure is needed given the sparse transmission of MTC traffic

· CSI can be removed if we always rely on the fixed MCS

2.3.5. Data channel enhancements

For PUSCH, various TTI bundling techniques have been discussed in Rel 8 as well as recent coverage enhancement. For MTC, one addition dimension to explore is the delay tolerance. 
· Both PDSCH and PUSCH can benefit to some extend from the extended transmission time, e.g. through a large number of retransmissions or large TTI bundle size. 
· For PDSCH, eNB can also power boost the transmission, e.g. to serve one or few UEs at a time. 

MTC traffic characteristics:

1. 100 byte on UL, and allowing 1 hour transmission

2. 20 bytes on the DL, and allow 10 s for transmission
In Figure 1, PUSCH with bundling size 4 and bundle size 64 are shown. As these results show, ~11 dB gain can be achieved by increase the TTI bundle size. We need to keep the following considerations in mind:

1. With such a long TTI bundle size, there is at least 7-8 dB gap to meet the desired MCL of 160 dB. With realistic deployment, the required link budget gain is even larger due to interference from other users. 
2. With extended TTI, both battery consumption and resource limitation for high number of MTC devices have to be considered. 

3. Similar TTI bundling techniques can not easily applied to broadcast channels such as PSS/SSS/PBCH/Paging, for these channels, special design need to be considered to extend the coverage, and likely have large impact on specification and eNB implementations. 
4. The following link level curves are valid provided the eNB knows that MTC devices can only be in low Doppler channels.
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Figure 1. Coverage Enhancements through Extended TTI Bundling

Observation 3 on data: 

With extended TTI bundling and retransmission, in stationary loations with low mobility, link budget can be significantly improved for the target MTC traffic with large delay tolerance for PUSCH. 
Observation 4 on other channels: 

Significant specification and eNB changes are needed to support 160 MCL, especially for PSS/SSS/PBCH, RACH procedure, and DL and UL control channels. 
Observation 5 on power and efficiency: 

We need to consider battery consumption as well as resource utilization associated with the extended transmisison durations. 
2.3
Coverage Enhancement Techniques through Small Cell Deployment
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. 
One solution to the coverage issue for MTC is to rely on the small cell deployment at least for the coverage limited devices.  The simple deployment model is shown in Figure 2 below.
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Figure 2: 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 relay, 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 relays 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. 
Observation 6: 

Small cell, e.g. user deployed low power node, can be used to meet the strigent coverage requirement while reducing the cost and power consumption of the MTC devices. These nodes can be deployed for both capacity enhancements for regular traffic and coverage for MTC. 
3
Conclusion

In this contribution, we discussed various coverage enhancement techniques for MTC. We make the following conclusions:
1. Extended TTI bundling and retransmission can improve the coverage for data channels for stationary device with low Doppler, subject to extensive redesign of many other physical channels and procedures. Even so, it may not be sufficient to meet the 160 dB MCL for all channels.  

2. A tiered architecture with low power nodes deployment can provide significant coverage enhancements while maintaining low power and cost for MTC devices. 
Detailed system simulation results are presented in [3] where the coverage enhancements with small cell deployment are presented. 
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