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1. Introduction

Rel-8 Category 1 UE can support downlink transmission modes 1-7 for TDD and transmission modes 1-6 for FDD [1].  In addition, capability fields have been defined to allow FDD UEs to support TM7.  In addition, it is assumed that Rel-11 Category 1 UE can support all post Rel-8 transmission modes appropriate to FDD or TDD.  
For low-cost MTC devices, TM restriction is being considered as a way to reduce cost.  For example, low-cost MTC devices may be restricted to TM1/2 only.  This contribution provides cost benefit analysis of such restriction.
2. Analysis of downlink transmission modes
The analysis is done only for the downlink transmission mode.  It is assumed that Category 1 UE has only a single transmit RF chain and therefore only one uplink transmission mode.  In the downlink, Category 1 UE does not support spatial multiplexing, but can support all transmission modes.
Capacity analysis:

Table 1 compares downlink cell and cell-edge spectral efficiencies for the different transmission modes and number of eNB Tx antennas.  There is no spatial multiplexing support in the downlink.  As a result, TM 2 and 3 are equivalent, as are TM 4 and 6, TM7 and TM8. The difference between TM 9 and TM4/TM6 is only the overhead (TM9 considers additional 12 RE for DMRS).In addition, SRS imperfections and FDD factor have been taken into account in TM7/TM8.
Table 1.  Downlink spectral efficiency comparison (FDD, ITU UMa) – Cat-1 UE.
	No of eNB       Tx antennas
	Transmission Mode
	Cell spectral efficiency

(b/s/Hz)
	Cell-edge spectral efficiency

(b/s/Hz)

	2
	2, 3
	1.51
	0.50

	
	4, 6
	1.90
	0.77

	
	7,8
	1.59
	0.58

	
	9
	1.74
	0.70

	4
	2, 3
	1.27
	0.37

	
	4, 6
	2.11
	1.00

	
	7,8
	1.85
	0.78

	
	9
	2.04
	0.97


From the table, it is seen that there is a significant loss of capacity on the downlink going from TM6 to TM2.  With 2Tx antennas, the loss is 20% for the cell and 35% for the cell-edge.  With 4 Tx antennas at the eNB, the loss is even greater at 40% for the cell and 63% for the cell-edge. 
From a UE baseband computation point of view, TM5 is exactly the same as TM6.  Thus, there is no difference in UE complexity between the two modes.  Since TM5 allows the network to support transparent MU-MIMO for MTC as well as other UEs, TM5 should be supported by MTC devices as well.

In deployment with 4 or more eNB transmit antennas, TM7/8/9 significantly outperform TM2 in cell and cell-edge spectral efficiencies for both TDD and FDD.  In addition, as networks are supporting TM7/8/9 more and more, not supporting these modes as such may restrict the overall deployments of these modes in the long-run.
Cost analysis:

TM1/2 is the most simple transmission mode and therefore expected to bring about the most cost reduction.  As a result, we will use TM1/2 as the baseline for cost saving comparison.  In addition, Category 1 UE does not support spatial multiplexing and this is also reflected in the cost of the reference baseband module.
With TM restriction, there is no reduction in the peak data rate.  Consequently, there is no reduction in HARQ buffering, memory requirements, or turbo decoding complexity.  Comparing TM6 and TM7 to TM2, additional processing is needed but this is marginal. For TM7/8/9, UEs will need to support DMRS so channel estimation complexity may increase, but the increase is expected to be small and insignificant when considering total UE cost.  
Table 2 provides cost saving for transmit mode reduction. For comparison purposes, Table 2 also provides a summary of the cost savings from different techniques using cost reduction analysis agreed in Table 2.

Table 2.  Summary for cost savings for different techniques.

	Technique
	Cost Reduction from total RF costs
	Cost Reduction from total baseband costs

	Bandwidth reduction (5 MHz) 
	5%
	15%-30%

	Half duplex
	15%
	5%-10%

	1 RX
	20%
	20%-40%

	Reduction of transmit power
	5%
	~0%

	Reduction of peak rate
	~0%
	15%-40%

	TM mode reduction
	~0%
	2%-4%


From the table, it is seen that approximately 2-4% saving may be achievable in the baseband module.  This translates to less than 2% saving in the UE modem cost.  

Power consumption analysis:

Simpler processing in the baseband may lead to some power saving.  However, the spectral efficiency is reduced in the downlink as shown in Table 1.  Thus, the UE might be assigned more resource blocks or it might need more transmissions to complete data transfer.  For instance, on average, users suffer spectral efficiency loss of 20% and 40% for 2 and 4 Tx antennas, respectively.  Thus, they may require 1.3 or 1.7 transmissions to get the packets through.  As a result, power consumption is expected to increase with TM restriction. 
3. Conclusion
Due to the marginal cost saving and large performance loss, the following recommendation is made regarding TM restriction for low-cost MTC devices –

Recommendation: Low-cost MTC devices support the same transmission modes as Category 1 UE.  
4. References

[1] R1-103413, “LS reply on configurable transmission modes for Category 1 UE,” TSG RAN WG1, RAN1#61, Montreal, Canada.
[2] R1-120736, “Analysis of reduction of maximum bandwidth for low-cost MTC UE,” Nokia Siemens Networks, Nokia, RAN1#68, Dresden, Germany.
[3] R1-121297, “Transmission modes for low-cost MTC,” Nokia Siemens Networks, Nokia, RAN1#68bis, Jeju, Korea.
[4] 3GPP TR 36.888, “Study on provision of low-cost MTC UEs based on LTE,” V1.0.0, February, 2012.

