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1 Introduction

A study item on provision of low-cost MTC UEs based on LTE had been approved in RAN#53 plenary meeting [1]. According to the SID, the study on low-cost MTC UEs in a physical layer perspective was initiated in RAN1#66bis meeting and a MTC draft skeleton TR has been made through the e-mail discussions on the study [2], [3].
In this contribution, we suggest several considerations for low-cost MTC UEs based on LTE where our views on the specification impacts are observed.
2 Considerations for low-cost MTC UEs
2.1 Maximum bandwidth reduction
It is required that all legacy LTE UEs should support the maximum system bandwidth of 20 MHz. This makes low-cost MTC UEs considerably cost-inefficient if they can meet all the requirements regarding MTC services in a much lower bandwidth, e.g., 1.4 MHz. Reduction of the supported maximum bandwidth for low-cost MTC UEs results in significant cost savings based on [2] and our experience on Rel-8 LTE UE design.
However, the current LTE specifications do not support low-cost MTC UEs with narrower bandwidth than an e-NodeB’s system bandwidth. Therefore, specification changes should be made to support such MTC UEs with narrow bandwidth.
Observation 1: The maximum bandwidth reduction for low-cost MTC UEs might require specification changes.

Proposal 1: Consider the maximum bandwidth reduction for low-cost MTC UEs.
2.2 Physical channel structure
This consideration is also relevant to the maximum bandwidth reduction discussed in the previous section. In the Rel-8/9/10, PSS/SSS/PBCH are transmitted in 1.08 MHz bandwidth which corresponds to the used bandwidth of the minimum system bandwidth, i.e., 1.4 MHz, and therefore, any low-cost MTC UE can receive them even though the MTC UE has a narrower bandwidth than the system bandwidth. However, since control channels such as PDCCH/PCFICH/PHICH are transmitted over the entire system bandwidth, low-cost MTC UEs with a narrower bandwidth than the system bandwidth cannot correctly receive them. In order to solve this problem, a new physical channel structure with separate control channels for the MTC UEs might be required. One possible assumption is that such control channels for low-cost MTC UEs can be placed on the PDSCH region.
Observation 2: A new physical channel structure for low-cost MTC UEs might require specification changes.

Proposal 2: A new physical channel structure for low-cost MTC UEs should be carefully considered.
2.3 Data rate reduction
The LTE UE category 1 supports the peak data rates of 10 Mbps in DL and 5 Mbps in UL which are much larger than the peak data rates of GSM/GPRS considered for low-cost MTC UEs that are 118.4 kbps in DL and 59.2 kbps in UL. This means that compared to higher LTE UE categories, the low-cost MTC UEs supporting a lower LTE UE category, e.g., UE category 1, can reduce cost considerably, provided that the supported UE category can meet all the requirements regarding MTC traffic models. Also, the introduction of a new UE category with peak data rates less than UE category 1 might be considered. However, careful investigation on MTC traffic models should be preceded before defining a new UE category for low-cost MTC UEs.
Observation 3: Data rate reduction might require specification changes if a new UE category is introduced
Proposal 3: Consider UE category 1 or define a new UE category for low-cost MTC UEs.
2.4 Reduced number of TX/RX antennas
The reduction in the number of TX/RX antennas, where MIMO is not supported, provide significant cost savings due to the reduced number of RF/analog components, the reduced power consumption, and so on. The current LTE specifications support single antenna transmission in UL and thus this is not an issue. However, the requirements in the current specifications assume that the receiver is equipped with two RX ports as a baseline. Therefore, supporting single antenna reception may result in the decreased receiver performance which does not meet the requirements corresponding to dual-antenna reception. Therefore, preceding study should be performed before considering single antenna reception for low-cost MTC UEs. New requirements for low-cost MTC UEs employing single antenna reception might be defined. Single RF chain reception with RX antenna switching, where 2 RX antennas and 1 RF chain are used, can be a promising candidate for improving the receiver performance while obtaining considerable cost reduction.
Observation 4: The requirements in the current specifications assume that the receiver is equipped with two RX ports as a baseline.

Proposal 4: Consider single antenna reception for low-cost MTC UEs.
2.5 Half-duplex FDD operation
Half-duplex FDD operation can provide comparable cost savings by reducing the power consumption and eliminating the use of a duplexer, compared to full-duplex FDD one. Preceding study on whether or not half-duplex FDD operation is fully supported in the current specifications should be performed before considering half-duplex FDD operation for low-cost MTC UEs.

Proposal 5: Preceding study on whether or not half-duplex FDD operation is fully supported in the current specifications should be performed before considering half-duplex FDD operation for low-cost MTC UEs.
2.6 Reduced number of HARQ processes
The current LTE specifications support the large number of HARQ processes. Reducing the number of HARQ processes can offer a significantly reduced HARQ memory size but it decreases spectral efficiency. Therefore, the specification impacts on the reduced number of HARQ processes should be carefully investigated.
Proposal 6: The specification impacts on the reduced number of HARQ processes should be carefully investigated.
3 Conclusions
In this contribution, we have suggested several considerations for low-cost MTC UEs in a point of view on the specification impacts. Our observations and proposals are summarized as follows:

· Observations:
Observation 1: The maximum bandwidth reduction for low-cost MTC UEs might require specification changes.

Observation 2: A new physical channel structure for low-cost MTC UEs might require specification changes.

Observation 3: Data rate reduction might require specification changes if a new UE category is introduced

Observation 4: The requirements in the current specifications assume that the receiver is equipped with two RX ports as a baseline.

· Proposals:

Proposal 1: Consider the maximum bandwidth reduction for low-cost MTC UEs.
Proposal 2: A new physical channel structure for low-cost MTC UEs should be carefully considered.
Proposal 3: Consider UE category 1 or define a new UE category for low-cost MTC UEs.
Proposal 4: Consider single antenna reception for low-cost MTC UEs.
Proposal 5: Preceding study on whether or not half-duplex FDD operation is fully supported in the current specifications should be performed before considering half-duplex FDD operation for low-cost MTC UEs.
Proposal 6: The specification impacts on the reduced number of HARQ processes should be carefully investigated.
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