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1 Introduction
The Study Item of Provision of low-cost MTC UEs based on LTE was approved at RAN#53 meeting. Transmission modes have impacts on both the spectral efficiency and complexity/cost. In the following, a text proposal on transmission modes is made.
---------------------------------------------Start text proposal----------------------------------------------------------
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Concepts for provisioning of low cost MTC UE and cost analysis

[Editor’s Note: Cost analysis and performance (Coverage, Spectral efficiency, capacity) analysis/evaluation to be performed as per sub-clause 5.2 and Annex A, evaluation methodology for each of the techniques if an impact is identified as applicable. Significant impacts to specification (RAN1/RAN2/RAN3) also to be captured in this section for each technique if specification impact is identified] 

6.1 
Transmission mode reduction 
6.1.1
Description
Although 9 transmission Modes (TMs) are supported in LTE R10, when considering low-cost MTC, some TMs may not be required. Among the transmission modes, Transmission Mode 1 (TM1) is single transmit antenna while TM2 is transmit diversity scheme. For low-cost MTC UE, it is suggested that only TM1 and TM2 should be supported.
6.1.2
Analysis/evaluation of performance against requirements 
Table 6.1.2-1: Analysis of the impacts on existing system
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	[Yes]

	Minimum Data rate
	[No]

	Power consumption
	[Yes]

	Impact to non-MTC UE
	…

	eNB Hardware impact
	…

	Impact on specification
	[No]

	Cell spectral efficiency
	[Yes]

	…..
	

	……
	


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]

6.1.2.1
Coverage analysis
The coverage performance of TM2 in LTE system is better than that of EGPRS in most cases [2]. Supporting only TM1 and TM2 in downlink does not have significant impacts on the coverage performance.
6.1.2.2
Power consumption
TM2 is a transmit diversity scheme while other modes except TM1 can be classified as spatial multiplexing. It is shown in the report of VTT named “4G mobile terminal architectures” that the baseband RX complexity of spatial multiplexing with 2 antennas is 438 GOPS (Giga Operations Per Second) while the baseband RX complexity of transmit diversity with 2 antennas is only 347 GOPS, which means that 26% additional operations are introduced by using spatial multiplexing. Considering that power consumption will be reduced as the decrease of complexity, so supporting only TM1 and TM2 can reduce the power consumption significantly.

6.1.2.3
Cell spectral efficiency
In Section 5.1, it is shown that the downlink data rate should be greater than 118 kbps (2 slots) while the requirement of uplink data rate is 59.2kbps (1 slot). According to [3], the cell average spectral efficiency of EGPRS is 0.33 bit/s/Hz. 
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Figure 6.1.2.3-1: Spectral efficiency comparison (EGPRS results are from [3])

Figure 6.1.2.3-1 shows the cell average spectral efficiency comparison between LTE TM1 and EGPRS. QPSK MCS, Full MCS, 1T2R, and 1T1R are considered in the simulations. Detailed simulation parameters are listed in Table 6.1.2.3-1.

Table 6.1.2.3-1: System level simulation assumptions
	Parameters
	Assumptions

	Scenarios
	3GPP Case 1

	Duplex
	FDD

	System bandwidth
	10MHz 

	UE distribution
	Uniformly distributed with average 10 UEs per sector

	UE speed
	3km/h

	Traffic
	Full buffer

	Handover margin
	1.0 dB

	Downlink transmission scheme
	LTE Rel-8 SISO/1x2 SIMO

	Downlink scheduler
	PF

	Downlink HARQ scheme
	HARQ-CC

	Downlink receiver type
	MRC

	link adaptation
	Non-ideal, CQI measurement error: N(0,1dB) per half-PRB.

CQI: 4ms delay 5ms period; PUSCH-based feedback, mode 2-0.

For QPSK MCS scheme, the eNB ensures no higher modulation order than QPSK is used.

	Antenna configuration at base station
	1 vertical polarized antenna 

	Antenna configuration at  UE
	Vertically-polarized, with 0.5 lambda spacing

	OLLA
	Enabled, target BLER = 0.1

	Overhead assumption
	DL overhead: 3 symbols for DL CCHs, Antenna Port 0 CRS.


It is shown in Figure 6.1.2.3-1 that the cell average spectral efficiency of TM1 is greater than that of EGPRS.
6.1.3
Analysis/evaluation of cost reduction 
As analyzed in Section 6.1.2.2, the baseband RX complexity of low-cost MTC UE can be reduced significantly if only TM1 and TM2 are supported. Because the decrease of complexity will result in the cost reduction, the cost of MTC UE can be reduced by supporting only TM1 and TM2.
6.2 
Techniques/concepts [B]

---------------------------------------------------End text proposal-----------------------------------------------------
