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1 Introduction

The low cost MTC SI was updated in RAN#57 [1] to include coverage improvements for MTC devices.  In the updated SI, one of the objectives on service coverage is extended as follows:

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.

It was also noted that the study shall evaluate:

Impact to the system spectral efficiency from techniques that allow coverage improvement techniques up to the target improvement figure - considering that a relatively small proportion of traffic requires the coverage improvement, and the traffic can be scheduled at quiet times
In this contribution we elaborate the coverage requirements for the above objectives.
2 Discussions
In the first part of the low cost MTC SI that has already been completed, some proposed solutions that reduce the cost of an MTC device also degrade the coverage.  Table 1 shows some of the cost reduction schemes that have significant impact to the cell coverage.  It is clearly challenging to try to reduce the cost of the MTC device on the one hand and on the other to improve the coverage of the MTC device by 20 dB compared to non-reduced-cost LTE devices.  In order to identify the total coverage improvement that is required, it is necessary to identify the maximum coverage degradation that needs to be compensated from the cost reduction schemes. 
Table 1: Impact on cell coverage due to cost reduction
	Item
	Cost Reduction Scheme
	Cell Coverage Degradation
	Cost Reduction

	1
	Uplink Tx power Reduction 
	>5dB in UL and is proportional to the Tx power reduction
	10%-12%

(If PA is removed)

2%-7%

(If PA is retained)

	2
	Reduced bandwidth (BW) for both RF and baseband for DL and UL.

DL-1/UL-1 BW Reduction 

(1.4 MHz)
	1~3dB
	~39%

	3
	Reduced BW for baseband only for DL and no BW reduction for UL.

DL-2/UL-2 BW Reduction
(1.4 MHz)
	1~3dB
	~28%

	4
	Single receive RF
	4dB
	24%-29%

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


In Table 1 it can be observed that uplink transmit power reduction offers the least cost reduction but has very significant impact to the coverage.  Hence we propose for the purposes of coverage enhancement, RAN1 does not consider uplink transmit power reduction; in other words, RAN1 should assume that at least MTC devices that are designed for enhanced coverage do not implement uplink transmit power reduction.

Proposal 1: It is assumed that at least MTC devices that are designed for enhanced coverage  do not have reduced uplink transmit power.

Reducing the bandwidth and using only a single receiver would have 5-9 dB coverage impact but also offer significant cost reduction to the devices.  If this coverage degradation is taken into account, the total required improvement in coverage including the targeted 20 dB is 25-29 dB (i.e. a 300 – 800 times improvement in energy per information bit).
Observation: The total improvement targeted in energy per information bit is 25-29dB. 

It also needs to be clarified what exactly is the reference data rate for a “normal LTE UE”, against which the coverage improvement for “very low-rate traffic” for MTC UEs should be achieved, since “normal LTE UEs” would not normally have the “very low-rate traffic” described in the SID. For example, one interpretation of the SID could be that an MTC UE with “very low rate traffic” should have 20dB better coverage than a normal LTE UE with a 12.2kbps VoIP service. Whether the reference is a 12.2kbps VoIP service or some other data rate needs to be clarified. 

Proposal 2: The reference data rate for a normal LTE UE against which the coverage improvement for MTC UEs with very low-rate traffic is to be achieved should be clarified, e.g. an MTC UE with “very low rate traffic” should have 20dB better coverage than a normal LTE UE with a 12.2kbps VoIP service. 

A further clarification needed on the SID is the message rate. The data rates are stated as “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”. Latency relates to the acceptable delay to deliver one message, but the requirement does not indicate whether multiple messages have to be delivered within the stated times. We propose to clarify the requirements by adding that the required message rates are not greater than 1 message per hour in the uplink and 1message per 10s in the downlink. 

Proposal 3: The required message rates are not greater than 1 message per hour in the uplink and 1 message per 10s in the downlink.

The coverage improvement described in this SI is targeted at devices with very low traffic rate which can tolerate high delay.  The coverage improvement is aimed at overcoming the penetration loss experienced by MTC devices located inside basements for example.  Hence, we should expect these long range MTC devices to have very low or no mobility, i.e. no handover or other reconfigurations during data transmission.
Proposal 4: Solutions to improve coverage for enhanced coverage MTC devices can assume negligible mobility during data transmission, including no handover or other reconfiguration during data transmission.

3 Conclusion
In this contribution we noted the challenges in trying to achieve the expected improvement coverage and also implementing cost reduction scheme on the MTC device.  Here we propose the following assumptions in designing the solutions for coverage improvements to MTC devices:
Proposal 1: It is assumed that at least MTC devices that are designed for enhanced coverage  do not have reduced uplink transmit power.

Proposal 2: The reference data rate for a normal LTE UE against which the coverage improvement for MTC UEs with very low-rate traffic is to be achieved should be clarified, e.g. an MTC UE with “very low rate traffic” should have 20dB better coverage than a normal LTE UE with. a 12.2kbps VoIP service. 

Proposal 3: The required message rates are not greater than 1 message per hour in the uplink and 1 message per 10s in the downlink.

Proposal 4: Solutions to improve coverage for enhanced coverage MTC devices can assume negligible mobility during data transmission, including no handover or other reconfiguration during data transmission.

We also make the following observation:

Observation: The total improvement targeted in energy per information bit is 25-29dB. 
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