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1. Introduction

In [1], techniques for LTE coverage improvement from nominal coverage are to be specified. Currently, these techniques are targeted for the new low-cost MTC UE category and other UEs operating delay tolerant MTC applications. In this contribution, we examine whether coverage enhancement mode should be limited to only these scenarios. Note that this is a revision of [6].
2. Coverage Enhancement Mode
From [1], the following techniques have been identified to support coverage enhancement mode –
· Scalable coverage improvement including a mechanism to inform the eNB of the amount of coverage improvement required by the UE. This means that several coverage improvement levels will be supported, for example 5dB, 10dB, and 15dB. Balanced downlink and uplink coverage should be provided. In addition, a new mechanism, likely a modified random access procedure, should be introduced. 
· Repetition/TTI bundling and extension to PSD boosting. Due to the different amount of repetition required for different channels (e.g. PDCCH, PDSCH, PUSCH), a new timing relationship may have to be defined. This is also used to avoid having to buffer excessive amount of data (e.g. for PDSCH while decoding PDCCH) or performing unnecessary calculations.
· Simplified operation without requiring explicit PHICH and PCFICH.

· Relaxed requirement for “probability of missed detection” for PRACH.

Currently, this coverage enhancement mode is targeted for the new low-cost MTC UE category and other UEs operating delay tolerant MTC application. In Table 1, some examples of low-rate MTC applications are shown [3]. Some applications are very delay tolerant (e.g. refrigerator, appliances), some are not (e.g. home security, health sensor), while some are delay tolerant to a certain extent (e.g. smart meter, traffic sensor, credit machine). 
Table 1. Some examples of low-rate MTC applications [3].
	Application
	Average Transaction Time (Seconds)
	Average Message Size

(Bytes)
	Data Rate (bits/sec)

	Home Security System
	600
	20
	0.27

	Health Sensor
	60
	128
	17.07

	Smart Meter
	9090
	2017
	1.78

	Traffic Sensor/Light
	60
	1
	1.34

	Credit Machine
	120
	24
	0.27

	Refrigerator
	3600

(once per hour)
	30
	0.67

	Home Appliances (e.g. dishwasher, coffee maker, toaster, etc).
	86400

(once per day)
	8
	0.00074


From the table, two observations may be made – (1) the message sizes of many applications are small (typically less than 30 bytes), and (2) the required average data rates are very low. Because of the small message size, the delay budget may be met even at very low data rate. In Figure 1, estimated supportable data rates for the PUSCH are provided as on results from [5]. From the table, it is seen that the PHY data rate of a few hundred bits per second can be supported at -20dB, and few thousand bits per second can be supported at -10 dB.  Note that application-layer throughput may be substantially lower.
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Figure 1. Supportable data rate on the PUSCH performance – 1Tx-2Rx, 10MHz, 1RB.

Using the results from Figure 1, the transmission time of the data packet can be obtained for the low-rate MTC applications shown in Table 1. This is shown in Table 2. From the table, it can be see that the delay budget for many of the low-rate applications can be satisfied even at -20dB. Note that this delay budget does not include system access and configuration if needed. However, ongoing work under the Small Data and Device Triggering Enhancements (SDDTE) SI in [4] will reduce the latency associated with system access considerably. Therefore, coverage improvement should be supported for low-rate applications even if it is considered delay sensitive.
Table 2. Estimate transmission time of data packet from low-rate MTC applications.
	Application
	Average Message Size

(Bytes)
	Transmission Time at -10 dB SNR

(sec)
	Transmission Time at -20 dB SNR

(sec)

	Home Security System
	20
	0.06
	0.73

	Health Sensor
	128
	0.33
	4.33

	Smart Meter
	2017
	5.11
	67.30

	Traffic Sensor/Light
	1
	0.008
	1.34

	Credit Machine
	24
	0.066
	0.10

	Refrigerator
	30
	0.081
	1.07

	Home Appliances (e.g. dishwasher, coffee maker, toaster, etc).
	8
	0.025
	0.33


Cost is an important feature in machine type communication and it is expected that operators will take advantage of the low-cost MTC UE. However, it is unnecessary restrictive to limit coverage improvement techniques only to the new low-cost MTC UE category at this point. Furthermore, MTC applications may be supported at the same time as other applications (e.g. a smartphone may also serve as a health monitor or as a credit card machine). Hence, as coverage is lost for normal data services (e.g. web browsing or VoIP), low-rate MTC applications can still be supported. Therefore, coverage enhancement mode should be supported for all UE categories. In addition, it is essential that a common design is adopted for all UE categories to avoid unnecessary design and deployment complications. 
Proposal: coverage enhancement mode should be supported for low-rate MTC traffic on all UE categories. In addition, it is essential that a common coverage improvement design is adopted for all UE categories (i.e. low-cost MTC & UE Cat.1-8) to avoid unnecessary design and deployment complications.
From [2], it can be seen that, even without coverage improvement, coverage for LTE is already quite good when compared to GSM. This coverage, however, may not be ubiquitous, especially considering new deployment scenario such as smart meters that may be installed in basements or shielded locations. However, not all devices that are installed in poor locations will require coverage improvement. Furthermore, when considering the MTC use cases as described in Table 1, it is seen that MTC devices that will require coverage improvement may be in the minority. As a result, there is no need to have the coverage enhancement mode implemented in all UEs. 
Proposal: coverage enhancement mode should be an optional feature for all UE categories.

In principle, coverage enhancement mode may also be used for other low rate traffic. For instance, it may be applicable for low-rate public safety applications increasing the reliability, enabling emergency support as well as supporting out of coverage signaling for public safety services. However, as the coverage enhancement mode has a large impact to system efficiency, cost benefit analysis is needed before considering whether to extend coverage improvement beyond low-rate MTC traffic.  

3. Conclusions
In this contribution, we examine whether coverage enhancement mode should be limited to new low-cost MTC UE category and other UEs operating delay tolerant MTC application. Based on an analysis of some representative low-rate MTC applications, it is seen that the delay budget for many applications can be satisfied even at low rates. Thus, it is proposed that – 
· Coverage enhancement mode should be supported for low-rate MTC traffic on all UE categories.
· A common coverage improvement design should be adopted for all UE categories to avoid unnecessary design and deployment complications.
· Coverage enhancement mode should be an optional feature for all UE categories.
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