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1 Introduction
The main considerations to support low cost MTC UE based on LTE are outlined in [1]. Support for low-cost MTC UEs based on LTE has been studied extensively in the past few RAN1 meetings. The observations so far are captured in [2], considering different cost reduction techniques including i) reduction of maximum bandwidth ii) single receiver RF chain iii) peak rate reduction iv) reduction of transmit power and v) half-duplex operations. A summary of our conclusions on these aspects is provided in a companion contribution [3].  
In this contribution, we discuss the only remaining issue that is related to the support of transmission modes for MTC UEs. For the uplink, since only a single transmission mode can be supported, no further discussion is needed. For the downlink, some observations on the transmission modes for MTC UE are subsequently considered.
2 Support of no spatial multiplexing mode

Not supporting spatial multiplexing mode provides about 10% reductions in baseband cost due to savings from MIMO operations [4]. However, it does not translate to a cost benefit, since the reference is based on a Cat 1 UE with no spatial multiplexing support. Further reduction of transmission modes and transmission schemes supported could reduce complexity of baseband for the MTC UE and can be considered.
3 Transmission Modes for MTC UE
With rank 1 restriction, the transmission modes supported for MTC can be reduced to the following list,
	Transmission Mode 
	Transmission Scheme(s)
	DCI Format

	Transmission Mode 1
	Single Antenna Port, Port 0
	1A/1

	Transmission Mode 2 
	Transmit Diversity
	1A/1

	Transmission mode 6 
	Transmit Diversity; 

Closed Loop Spatial Multiplexing 
	1A/1B

	Transmission Mode 7
	Single antenna port, port 0;

Transmit Diversity;

Single antenna port, port 5
	1A/1

	Transmission Mode 8/9
	Single Antenna port, port 0;

Transmit Diversity;

Single antenna port, port 7
	1A/2B

(replace 2B by 1)




For MTC UEs, the main goal should be to minimize the number of transmission schemes that are to be supported, which can have some impact on the baseband processing complexity. 

Transmission mode 6/7/8/9 can achieve higher beamforming gains and could be used to improve cell-edge throughput for MTC UEs. However, some reduction in average or cell-edge throughput may be acceptable for MTC UEs. The key performance factor could be coverage, which may not be limited by downlink anyway. Further, it may not be realistic to obtain accurate feedback from MTC devices. For example, frequent feedback in time or frequency selective feedback may not be feasible given the bursty and intermittent nature of traffic to/from MTC devices. If system supports a large number of MTC devices which tend to have more traffic on uplink, additional feedback support may further affect uplink capacity of the system. 
Single port (port 0 or port 7) transmission or transmit diversity schemes (CRS based or DMRS based) could be considered as a preferred option.. 
4 Further consideration of decoding/demodulation at MTC UE

Release-10 UEs support both CRS based and DMRS based transmission schemes. For MTC UEs, we can consider supporting one or the other or both, as summarized by options below.
Option 1: Rank 1 Transmission schemes based on CRS only

TM1/TM2 may be used with single port (port 0) transmission or based on transmit diversity. UE needs to support CRS based channel estimation on ports 0/1 and support rank 1 decoding and Alamouti combining.

In that case, ePDCCH is based on DMRS cannot be supported, unless ePDCCH demodulation can also be based on CRS.
Option 2: Rank 1 Transmission schemes based on DMRS only

New transmission mode with port 7 based single port transmission scheme. We could also consider DMRS based transmit diversity schemes. 
Option 3: Support the rank 1 transmission schemes based on both CRS and DMRS 
Support TM1/TM2 and a rank 1 transmission mode based on DMRS ports only
Option 3 is most flexible, but also requires highest MTC receiver complexity. As adopting option 1 or 2 can provide cost benefits (see next section), we suggest to further investigate these options in the WI phase when related designs (e.g, ePDCCH) are finalized.
5 Reduction of DCI Formats 

By supporting TM1/2 and TM8 (or 9) with rank 1 restriction, only DCI formats 1/1A  need to be supported by MTC UEs. Further reduction to a single DCI format for MTC devices may be considered to reduce control decoding complexity for MTC UE by reducing number of blind decodes and using only DCI formats 0/1A.
6 Potential Cost Reduction

A summary of maximum potential cost reduction from reducing transmission modes based on the recommended evaluation in [2] is captured below.

	Functional block
	Recommended (for Evaluation)
	Potential Gain

	ADC / DAC 
	10%
	0%

	FFT/IFFT
	5%
	0%

	Post-FFT data buffering
	10%-15%
	0%

	Receiver processing block
	20%-35%
	5-10% (e.g channel estimation)

	Turbo decoding
	5%-15%
	0%

	HARQ  buffer
	10%-15%
	0%

	DL control processing & decoder
	5%
	<5%

	Synchronization / cell search block
	10%-15%
	0%

	UL processing block
	5%-10%
	0%

	MIMO specific processing blocks
	5%-15%
	0%

	Other
	0%
	0%

	Total
	90%-110%
	5-15%


7 Conclusions
This contribution discusses the reduction of downlink transmission modes for MTC devices. Based on the discussion, we conclude that it is possible to achieve up to 5-15% cost reduction in baseband compared to a Cat 1 UE. Additional savings are already achieved due to reduced MIMO operations. 

We considered three alternatives for reduction of transmission modes, all of which support a subset of TM1, TM2 and a rank 1 transmission mode based on TM8/9 with single port (port 7) transmission. We propose to further study which of the alternatives should be supported. We also recommend reducing the number of DCI formats supported for MTC UEs to minimize blind decoding operations.  
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