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1 Introduction

This document provides an estimate of the cost of a single RF receive chain MTC LTE UE relative to that of the reference LTE modem that is defined in TR36.888 [1].
It is estimated that a single RF receive chain LTE modem could have a cost of approximately 66% of that of the reference LTE modem. This cost reduction is achieved through reduction both of the RF and baseband costs of the modem.

This document includes a text proposal for section 6.3 TR36.888 that summarises the cost reduction analysis.
2 Assumptions

2.1 Reference LTE modem
Table 1 lists the assumptions on the high level features of the reference LTE modem and the cost reduced LTE MTC modem when the LTE MTC modem only implements a single receive chain. The features of the reference LTE modem are taken from section 5.3 of TR36.888 [1].
Table 1 – Features of reference and cost reduced LTE modems

	feature
	reference LTE modem
	cost reduced LTE modem

	system bandwidth
	20MHz
	20MHz

	UE category
	category 1 (20MHz)
peak DL rate = 10Mbps

peak UL rate = 5Mbps
	category 1 (20MHz)
peak DL rate = 10Mbps

peak UL rate = 5Mbps

	Number of RATs
	single RAT (LTE)
	single RAT (LTE)

	Number of bands
	single band
	single band

	Duplexing mode
	FD-FDD*
	FD-FDD

	Access method from MTC devices to eNB
	direct wide area
	direct wide area

	Number of receive antennas
	2
	1


* TR36.888 defines that the reference LTE modem can operate in “[TDD/Full duplex FDD]” modes. While this Tdoc specifically considers FD-FDD modems, it is understood that similar conclusions could be reached for TDD modems.
2.2 Cost breakdown of reference LTE modem
An email discussion on the RAN1 email reflector generated relative cost estimates of the functional blocks within the reference LTE modem. [2] includes a text proposal for TR36.888 based on the values proposed during that email discussion. The cost reduction analysis in this document is based on the relative cost estimates from that text proposal. Table 2 contains the relative cost estimates proposed in [2]: these values are used in this document to calculate the potential cost reduction that can be achieved through reducing the maximum bandwidth that the UE supports.

Table 2 – Estimates of relative costs of functional blocks within reference LTE modem

	Functional block
	relative cost

	Ratio of RF to baseband cost
	40:60

	RF

	Power amplifier
	25%

	Filters
	10%

	RF chains (LNAs, demodulators etc.)
	42.5%

	Duplexer
	22.5%

	Other
	0%

	Total
	100%

	Baseband
	

	FFT
	4.6%

	Channel estimator block
	28.0%

	ADC / DAC
	9.3%

	DL transport channel processing block
	8.1%

	DL control channel processing block
	5.8%

	Subframe buffering
	11.7%

	HARQ memory
	11.7%

	Synchronization / cell search block
	9.3%

	UL processing block
	6.9%

	MIMO specific processing blocks
	4.6%

	Other
	0%

	Total
	100%


3 Analysis of potential cost reduction through use of a single receive chain
This subsection considers the potential cost saving from implementing a single receive chain LTE MTC modem.

3.1 RF

When the number of receive chains is reduced from 2 (for the reference LTE modem) to 1, the costs of the following RF blocks are reduced:

· The receive filtering cost can be reduced to 50% of that of the reference LTE modem when the number of receive antennas is reduced by a factor of 2.

· The costs of the receiver RF chains can be reduced to 50% of that of the reference LTE modem when the number of receive antennas is reduced by a factor of 2.

· The cost of the duplexer itself is not reduced since the duplexer only exists on the antenna that is driven by the UE transmitter. However the receive branch that is removed would contain a filter in place of the duplexer and this filter could be eliminated in a single receive antenna UE. Since the cost of this filter is typically less than the cost of the duplexer, the overall duplexing cost can be considered to be reduced to 75% of the reference LTE modem’s duplexing cost.

3.2 Baseband

Use of a single receive antenna UE also reduces the cost of the following baseband processing functional blocks:

· The FFT is only required on the samples received on the single receive chain. Hence the number of FFT operations is reduced by a factor of 2 and the FFT cost is reduced to 50% of that of the reference LTE modem.

· Separate channel estimates are required for each receive antenna. When the number of receive antennas is reduced from 2 to a single receive antenna, the channel estimator cost can be reduced to 50% of that of the reference LTE modem.

· Only a single ADC is required to operate on the single receive chain, hence the ADC cost may be reduced to 50% of that of the reference LTE modem. The cost reduced MTC UE would still contain a single transmitter chain, hence DAC cost is unlikely to be reduced. Given that the ADC functional block is typically more costly than the DAC functional block, the overall ADC / DAC cost could be reduced to 60% of that of the reference LTE modem.

· The UE only needs to store samples from the single receive antenna, hence the size of the subframe buffer memory can be reduced to 50% of that of the reference LTE modem.

· The synchronisation and cell search blocks typically operate on samples from both of the receive antennas, hence reducing the number of receive antennas by a factor of 2 would typically reduce the cost of these functions to 50% of that of the reference LTE modem.

· MIMO would not be supported in a UE supporting a single receive antenna, hence the cost of this functional block can be eliminated for a cost-reduced MTC UE.
Table 3 derives an estimate of the cost of an MTC modem implementing a single receive chain, relative to the cost of the reference LTE modem.

Table 3 – Relative cost estimate of an MTC modem implementing a single receive chain
	Functional block
	Relative cost (reference LTE UE)
	Cost multiplier relative to reference LTE modem
	MTC UE cost

	Ratio of RF to baseband cost
	40:60
	
	

	RF


	Power amplifier
	25%
	100%
	25%

	Filters
	10%
	50%
	5%

	RF chains (LNAs, demodulators etc.)
	42.5%
	50%
	21.3%

	Duplexer
	22.5%
	75%
	16.9%

	Other
	~0%
	-
	0%

	Total
	100%
	
	68.2%

	Baseband

	FFT
	4.6%
	50%
	2.3%

	Channel estimator block
	28.0%
	50%
	14.0%

	ADC / DAC
	9.3%
	60%
	5.6%

	DL transport channel processing block
	8.1%
	100%
	8.1%

	DL control channel processing block
	5.8%
	100%
	5.8%

	Subframe buffering
	11.7%
	50%
	5.9%

	HARQ memory
	11.7%
	100%
	11.7%

	Synchronisation / cell search block
	9.3%
	50%
	4.7%

	UL processing block
	6.9%
	100%
	6.9%

	MIMO specific processing blocks
	4.6%
	0%
	0%

	Other
	~0%
	-
	0%

	Total
	100%
	
	65.0%

	Overall relative cost

	Total
	68.2 ( 40 + 65.0 ( 60
	66.3%


Table 3 indicates that the cost of an LTE MTC modem could be reduced to 66.3% of the cost of the reference LTE modem through use of a single receive antenna. This cost reduction is achieved through a reduction in both the RF cost and the baseband cost. 

4 Conclusions

This document shows that it would be feasible to reduce the cost of an LTE MTC modem to 66.3% of the cost of the reference LTE modem by implementing a single receive chain in the LTE MTC modem. 

It is proposed to capture the complexity analysis provided in this document in TR36.888 [1]. A text proposal is provided in section 6.
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6 Text Proposal

This section contains a text proposal for section 6.3 of TR36.888. The text proposal contains a complexity analysis for the cost reduction that could be achieved through implementing a single receive RF chain LTE MTC modem.
<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>

6.3 
Single receive RF chain
6.3.1
Description
6.3.2
Analysis/evaluation of performance against requirements 

	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
	[Yes]

	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]

6.3.2.1
Coverage analysis

6.3.2.2
Power consumption

6.3.2.3
Impact on specification

6.3.2.3
Cell spectral efficiency

6.3.3
Analysis/evaluation of cost reduction 
This subsection considers the potential cost saving from implementing a single receive chain LTE MTC modem.

When the number of receive chains is reduced from 2 (for the reference LTE modem) to 1, the costs of the following RF blocks are reduced:

· The receive filtering cost can be reduced to 50% of that of the reference LTE modem when the number of receive antennas is reduced by a factor of 2.

· The costs of the receiver RF chains can be reduced to 50% of that of the reference LTE modem when the number of receive antennas is reduced by a factor of 2.

· The cost of the duplexer itself is not reduced since the duplexer only exists on the antenna that is driven by the UE transmitter. However the receive branch that is removed would contain a filter in place of the duplexer and this filter could be eliminated in a single receive antenna UE. Since the cost of this filter is typically less than the cost of the duplexer, the overall duplexing cost can be considered to be reduced to 75% of the reference LTE modem’s duplexing cost.

Use of a single receive antenna UE also reduces the cost of the following baseband processing function blocks:

· The FFT is only required on the samples received on the single receive chain. Hence the number of FFT operations is reduced by a factor of 2 and the FFT cost is reduced to 50% of that of the reference LTE modem.

· Separate channel estimates are required for each receive antenna. When the number of receive antennas is reduced from 2 to a single receive antenna, the channel estimator cost can be reduced to 50% of that of the reference LTE modem.

· Only a single ADC is required to operate on the single receive chain, hence the ADC cost may be reduced to 50% of that of the reference LTE modem. The cost reduced MTC UE would still contain a single transmitter chain, hence DAC cost is unlikely to be reduced. Given that the ADC functional block is typically more costly than the DAC functional block, the overall ADC / DAC cost could be reduced to 60% of that of the reference LTE modem.

· The UE only needs to store samples from the single receive antenna, hence the size of the subframe buffer memory can be reduced to 50% of that of the reference LTE modem.

· The synchronisation and cell search blocks typically operate on samples from both of the receive antennas, hence reducing the number of receive antennas by a factor of 2 would typically reduce the cost of these functions to 50% of that of the reference LTE modem.

· MIMO would not be supported in a UE supporting a single receive antenna, hence the cost of this functional block can be eliminated for a cost-reduced MTC UE.
Table 6.3.3-1 derives an estimate of the cost of an MTC modem implementing a single receive chain, relative to the cost of the reference LTE modem.

Table 6.3.3-1 – Relative cost estimate of an MTC modem implementing a single receive chain
	Functional block
	Relative cost (reference LTE UE)
	Cost multiplier relative to reference LTE modem
	MTC UE cost

	Ratio of RF to baseband cost
	40:60
	
	

	RF


	Power amplifier
	25%
	100%
	25%

	Filters
	10%
	50%
	5%

	RF chains (LNAs, demodulators etc.)
	42.5%
	50%
	21.3%

	Duplexer
	22.5%
	75%
	16.9%

	Other
	~0%
	-
	0%

	Total
	100%
	
	68.2%

	Baseband

	FFT
	4.6%
	50%
	2.3%

	Channel estimator block
	28.0%
	50%
	14.0%

	ADC / DAC
	9.3%
	60%
	5.6%

	DL transport channel processing block
	8.1%
	100%
	8.1%

	DL control channel processing block
	5.8%
	100%
	5.8%

	Subframe buffering
	11.7%
	50%
	5.9%

	HARQ memory
	11.7%
	100%
	11.7%

	Synchronisation / cell search block
	9.3%
	50%
	4.7%

	UL processing block
	6.9%
	100%
	6.9%

	MIMO specific processing blocks
	4.6%
	0%
	0%

	Other
	~0%
	-
	0%

	Total
	100%
	
	65.0%

	Overall relative cost

	Total
	68.2 ( 40 + 65.0 ( 60
	66.3%


Table 6.3.3-1 indicates that the cost of an LTE MTC modem could be reduced to 66.3% of the cost of the reference LTE modem through use of a single receive antenna. This cost reduction is achieved through a reduction in both the RF cost and the baseband cost.
<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>











































