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1 Introduction

In this document, a cost estimate has been produced for various combinations of cost reduction strategy. The following cost reduction strategies have been considered:
· reduced UE bandwidth

· single RF chain

· reduced peak rate support

· reduced transmit power

· half duplex mode operation

The methodology applied in this document is based on that applied in [2]. The main difference between this document and [2] is that the cost saving estimates derived in this document are based on the cost breakdowns from section 5.3 of TR36.888 [1] (note that the previous version [2] was created before many companies had contributed to section 5.3 of TR36.888 and hence [2] was based only on the limited number of cost breakdowns available at the time).

It is our understanding that the cost of an LTE MTC modem would have to have an overall cost of approximately 33% of that of the reference LTE modem in order to be of a similar cost to a GPRS multi-slot class 2 device. Based on the cost estimates that have been derived in this document, the following cost reduction approaches would need to be applied in order to achieve this goal:

· the bandwidth of the LTE MTC modem would have to be reduced

· unless operation with a reduced transmit power is acceptable (this would have coverage implications that would require the deployment of extra network nodes), the LTE MTC modem would also have to operate with all of the following features:

· a single receive chain

· reduced peak rate

· half-duplex mode
2 Assumptions

2.1 Characteristics of cost reduced LTE MTC modems

Table 1 lists the features of the reference LTE modem.

Table 1 – Features of reference and cost reduced LTE modems

	Feature
	Reference LTE modem

	System bandwidth
	20MHz

	UE category
	category 1 (20MHz)

peak DL rate = 10Mbps

peak UL rate = 5Mbps

	Number of RATs
	single RAT (LTE)

	Number of bands
	single band

	Duplexing mode
	FD-FDD*

	Access method from MTC devices to eNB
	direct wide area

	Maximum transmit power
	+23dBm

	Number of receive antennas
	2


* 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.
Table 2 lists the features of the cost reduced modems: the cost estimates for these combinations of cost reduction features are considered in section 3. An ‘x’ in this table indicates that the given cost reduction strategy is applied. Aspects of each cost reduction strategy were considered in more detail in [3], [4], [5], [6], [7]. Note that when the bandwidth is reduced, it is assumed that both DL and UL bandwidths are reduced and that both the control channel bandwidth and the PDSCH bandwidth are reduced.
Table 2 – Features of cost reduced modems considered in section 3
	reduced bandwidth
	single RF chain
	reduced peak rate
	reduced transmit power
	half duplex
	bandwidth (MHz)
	peak DL rate (Mbps)
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2.2 Cost breakdown of reference LTE modem

Section 5.3 of [1] contains fractional cost breakdowns for RF and baseband functions for the reference LTE modem. These cost breakdowns have been provided by multiple sources and a range of values is recommended for evaluation in that document. 

In order to facilitate the calculation of relative cost savings in this document, a single value for the fractional cost of each functional block has been used. This single value is a mean of the fractional costs listed for each of the sources in section 5.3 of [1]. Table 3 lists these mean values used and the value ranges recommended for evaluation in [1].
Table 3 – Estimates of relative costs of functional blocks within reference LTE modem

	Functional block
	Relative cost
	Recommended for evaluation [1]

	Ratio of RF to baseband cost
	40:60
	

	RF

	Power amplifier
	23.9%
	25% - 30%

	Filters
	9.4%
	5% - 10%

	RF transceiver
	45.7%
	40% - 50%

	Duplexer / switch
	21.0%
	15% - 25%

	Other
	0%
	0% - 10%

	Total
	100%
	95% - 110%

	Baseband

	ADC / DAC
	11.0%
	10%

	FFT / IFFT
	5.6%
	5%

	Post FFT data buffering
	11.2%
	10% - 15%

	Receiver processing block
	26.7%
	20% - 35%

	Turbo decoding
	8.6%
	5% - 15%

	HARQ buffer
	11.9%
	10% - 15%

	DL control channel proc / decode
	5.0%
	5%

	Synchronisation / cell search
	10.1%
	10% - 15%

	UL processing block
	7.1%
	5% - 10%

	MIMO specific processing block
	2.8%
	5% - 15%

	Other
	0%
	0%

	Total
	100%
	90% - 110%


3 Cost for groups of cost reduction approaches

Cost estimates were created for all of the cost reduction combinations listed in Table 2. In most cases the cost reductions that can be achieved are multiplicative. For example:

·  if use of a single receive RF chain on its own leads to an estimate that the post FFT data buffering costs of LTE MTC modem has a cost of 50% of that of the reference LTE modem and bandwidth reduction; and
· if a reduction of the bandwidth on its own leads to an estimate that the LTE MTC modem has a post FFT data buffering cost of 7% of that of the reference LTE modem; then

· the estimate of the cost of the post FFT data buffering for an LTE MTC modem with both a reduced bandwidth and a single RF chain is 7% ( 50% = 3.5%  (hence a cost saving of 96.5% is estimated)
Note that some of the combinations of cost reduction are not multiplicative in nature. An example is the case of both reducing the bandwidth supported by the device and reducing the peak rate supported (in this case the cost saving that can be achieved for Turbo decoding is the maximum (not the product) of the Turbo decoding savings that can be achieved by either technique). The analysis in this document accounts for whether the potential cost reductions are multiplicative in nature or not.
Table 4 shows the results of estimating the costs for implementing groups of the cost reduction strategies. An ‘x’ in this table indicates that the cost reduction strategy has been applied. The table is sorted such that the top of the table indicates those features that lead to the greatest cost saving. Table 5 provides an unsorted version of this table: for reference.
A red line in Table 4 separates the combinations of cost reduction techniques into those combinations that can yield an LTE MTC UE that is cost competitive to GPRS modems and those combinations that cannot (assuming that the cost of the reference LTE modem has to be reduced by 66% to be cost competitive with GPRS). 
Based on this table, the following conclusions can be drawn on the cost reduction strategies that would have to be applied to yield a cost competitive LTE MTC modem:
· the bandwidth of the LTE MTC modem would have to be reduced

· unless operation with a reduced transmit power is acceptable (this would have coverage implications that would require the deployment of extra network nodes), the LTE MTC modem would also have to operate with:

· a single receive chain

· reduced peak rate

· half-duplex mode
Table 4 – Potential cost reduction from applying groups of cost reduction strategies (sorted by overall relative cost)
	reduced bandwidth
	single RF chain
	reduced peak rate
	reduced transmit power
	half duplex
	overall relative cost (%)
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Table 5 – Potential cost reduction from applying groups of cost reduction strategies (unsorted)
	reduced bandwidth
	single RF chain
	reduced peak rate
	reduced transmit power
	half duplex
	overall relative cost (%)
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4 Conclusion

It is understood that the cost of an LTE MTC modem would have to have an overall cost of approximately 33% of that of the reference LTE modem in order to be of a similar cost to a GPRS multi-slot class 2 device. Based on the cost estimates that have been derived in this document, the following cost reduction approaches would need to be applied in order to achieve this goal:

· the bandwidth of the LTE MTC modem would have to be reduced

· unless operation with a reduced transmit power is acceptable (this would have coverage implications that would require the deployment of extra network nodes), the LTE MTC modem would also have to operate with:

· a single receive chain

· reduced peak rate

· half-duplex mode
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