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1. Introduction
Study on Provisioning of low-cost MTC UEs based on LTE was agreed in RAN#53 [1]. The SI with the main objective of investigating the possibility of designing terminals with comparable cost to those of the current MTC terminals which are typically GSM-based in order to allow network migration to LTE-only networks. 
It was discussed in RAN1#67 meeting that some of the typical MTC type traffic are characterised by small packets in downlink with high latency tolerance and use cases with no mobility or limited mobility [2]. In last meeting, it was agreed the reduction of supported downlink transmission modes has been identified for further analysis.
In this contribution we discuss different downlink transmission modes for simplifying these MTC terminals.
2. Discussion on Transmission Modes Reduction 
Downlink MIMO modes in LTE

Different downlink MIMO modes are envisaged in LTE which can be adjusted according to propagation environment, traffic requirements, coverage and UE capability. The following transmission modes are available in LTE:

· Single-Antenna transmission (i.e. non-MIMO)

· Transmit diversity

· Open-loop spatial multiplexing

· Closed-loop spatial multiplexing

· Closed-loop precoding for Rank=1
· Beamforming
Generally speaking, transmit diversity and beamforming aim at expanding coverage, and spatial multiplexing is very effective to raise the data rate.
2.1
Transmit diversity

For transmit diversity mode, one code word can be transmitted. Each antenna transmits the same information stream, but with different coding. It is the basic one of the transmission modes in LTE system. In additional, transmit diversity still has its value in a number of scenarios, including low SNR, low mobility, or for applications with low delay tolerance. In consequence, it can be considered as an essential and reliable mode for low-end MTC terminals use case.
2.2
Spatial Multiplexing

Spatial multiplexing is divided into 2 modes, aiming at data rate improvement.
Open-loop spatial multiplexing mode
In case of high velocity, the quality of the feedback may be deteriorated. Thus an open loop spatial multiplexing mode is supported which is based on predefined setting for spatial multiplexing and precoding. 
Closed-loop spatial multiplexing mode

Closed-loop spatial multiplexing is employed in good channel conditions and low velocity scenarios for providing high data rate, however, its main benefit stems are from exhaustive feedback information which is involving RI, CQI, PMI reporting. That may not offload the UE complexity in the perspective of MTC UE device.
2.3
Closed-loop precoding for Rank=1
This mode is a mechanism to extend cell coverage by concentrating the power in the direction in which the UE is located. That is a potential way to meet the coverage need. However, for precoding, the processing complexity increment should be considered for MTC devices.
2.4
Beamforming
This mode provides beams in order to improve the coverage and capacity, and realize anti-interference preventives. That is mainly used for TDD system.
Table1 Analysis for different transmission mode
	Transmission Mode
	Applicable Scenario: No/Low Mobility
	Coverage
	Minimum Data Rate
	Low Algorithm Complexity
	Low Power Consumption

	Transmit Diversity
	Yes
	Yes
	Yes
	Yes
	Yes

	Open-loop spatial multiplexing mode
	Yes
	No
	No
	Yes
	Yes

	Closed-loop spatial multiplexing mode
	Yes
	No
	No
	No
	No

	Closed-loop precoding for Rank=1
	Yes
	Yes
	Yes
	No
	No

	Beamforming
	Yes
	Yes
	No
	Yes
	Yes


3. Conclusions
Proposal1: It should be acceptable for MTC to support at least single antenna (TM1) and transmit diversity (TM2).
Proposal2: Open-loop spatial multiplexing (TM3) and beamforming (TM7) should be kept for further analysis.
Proposal3: In case of smaller impact on the cost, it is recommended to support the transmission modes as much as possible.
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