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1 Introduction

To facilitate the cost analysis for cost-reduced MTC modems, a typical cost breakdown of the reference LTE modem is required. An email discussion was started on the RAN1 reflector and two companies provided cost breakdown estimates for the reference LTE modem. This document proposes that those cost breakdowns be averaged to produce a single typical cost breakdown figure that can be used by companies when analysing the potential cost savings that can be achieved with cost-reduced LTE MTC modems. 

Table 1 describes the characteristics of the reference LTE modem considered in this document. These characteristics are taken from [1].
Table 1 – Features of reference LTE modem
	feature
	reference LTE modem

	System bandwidth
	20MHz

	UE category
	category 1

	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


* 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.
This document provides a text proposal for section 5.3 of the TR that defines the cost breakdown of the typical reference LTE modem.
2 Functional blocks in reference LTE modem

2.1 Highest level architectural elements
Figure 1 shows a typical MTC UE’s implementation architecture at the highest level. This figure only considers those architectural elements within the scope of 3GPP. The cost of the functional blocks contained in these architectural elements is considered further in this section.
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Figure 1 – Highest level implementation architecture of an MTC UE

In an actual implementation, the architectural elements shown in Figure 1could be merged into a single physical component or an architectural element could be implemented in several physical components. The goal of Figure 1 is to define the parts of the implementation that are termed “RF” and “baseband” rather than to constrain implementation. Specifically these terms have the following meanings:

· RF. Those analogue components / functional blocks between (and including) the antennas and the input / output ports of the ADC / DAC functions.

· Baseband. Those functional blocks between (and including) the ADC / DAC functions and the MAC / PHY interface. 

2.2 RF Functional Blocks
The functional blocks within the RF that have a significant cost are:

· Power amplifier.

· Filters. 

· Duplexers (in an FD-FDD modem). In the reference FD-FDD LTE modem (see Table 1), a duplexer is used on the single antenna that supports both transmission and reception. The other antenna is used for reception only: on this branch filtering replaces the duplexer function.

· RF chains, consisting of LNAs, demodulators etc.

2.3 Baseband Functional Blocks

The functional blocks within baseband processing that have a significant cost are:

· FFT.

· Channel estimation block.

· ADC / DAC.

· DL transport channel processing block. This function decodes the DL-SCH.

· DL control channel processing block. This function decodes PHICH, PCFICH, PBCH and PDCCH. PDCCH processing includes operations associated with PDCCH blind decoding and the PDCCH search space.

· Subframe buffering. This involves the buffering of resource element samples in the initial stages of the baseband processing function.

· HARQ memory. This is a function of UE capability.

· Synchronisation and cell search block.

· Uplink channel processing. This functional block is concerned with processing PUSCH, PUCCH and PRACH.

· MIMO specific processing blocks.
3 Cost of Functional Blocks in Reference LTE Modem

An email discussion was started on the RAN1 reflector and two companies provided cost breakdown estimates for the reference LTE modem. Table 2 is a copy from that email discussion of the table summarising the cost breakdown estimates from Huawei and IPWireless. Note that since the values presented in this table are estimates, they cannot be expressed with a high degree of accuracy (for this reason the sum of the approximate cost estimates is not necessarily 100%). 
Table 2 – Estimates of relative costs of functional blocks within reference LTE modem from email discussion
	Functional block
	IPWireless
	Huawei
	description

	Ratio of RF to baseband cost
	40:60
	40:60
	

	RF

	Power amplifier
	25%
	25%
	

	Filters
	10%
	10%
	

	RF chains (LNAs, demodulators etc.)
	40%
	45%
	Including LNAs, mixer, and local oscillator.

	Duplexer
	25%
	20%
	In general, duplexer is cheaper than PA.

	Other
	~0%
	~0%
	

	Total
	100%
	100%
	

	Baseband processing

	FFT
	5%
	~5%
	

	Channel estimator block
	35%
	~25%
	Including CSI measurement and channel estimation.

	ADC / DAC
	10%
	~10%
	1Tx/2Rx, Cat-1UE, 20MHz bandwidth.

	DL transport channel processing block
	5%
	10%~15%
	Including turbo decoding and demodulation

	DL control channel processing block
	5%
	5%~10%
	Including convolution decoding and demodulation

	Subframe buffering
	15%
	~10%
	

	HARQ memory
	15%
	~10%
	

	Synchronization / cell search block
	10%
	~10%
	

	UL processing block
	<5%
	~10%
	UL processing includes all uplink processing, e.g. PUCCH,PUSCH,PRACH etc

	MIMO specific processing blocks
	<5%
	~5%
	

	Other
	~0%
	
	

	Total
	100-110%
	100~110%
	


In order to be able to analyse the cost implications of various cost reduction strategies, it is helpful to have a single reference set of cost estimates for the reference LTE modem. It is proposed that this is done by (1) scaling each value in each column such that the sum of each column equals 100% for both RF and baseband and then (2) taking the average of each row in the above table. Applying this methodology leads to Table 3. It is proposed that the average values in this table are captured in section 5.3 of the TR: that will enable companies to estimates the cost savings that could be achieved with various cost reduction strategies. Note that the averaged values in this table imply a higher degree of accuracy (three significant figures) than actually exists in the relative costs, however it is very helpful to have specific unambiguous values that sum to 100% when performing future cost reduction analyses: the values in Table 3 are specific and unambiguous. 
Table 3 – Averaged table of relative costs of reference LTE modem’s functional blocks
	Functional block
	average
	IPWireless
	Huawei
	calculation

	Ratio of RF to baseband cost
	40:60
	40:60
	40:60
	-

	RF

	Power amplifier
	25%
	25%
	25%
	-

	Filters
	10%
	10%
	10%
	-

	RF chains (LNAs, demodulators etc.)
	42.5%
	40%
	45%
	(40 + 45) / 2

	Duplexer
	22.5%
	25%
	20%
	(25 + 20) / 2

	Other
	0%
	~0%
	~0%
	

	Total
	100%
	100%
	100%
	

	Baseband

	FFT
	4.6%
	5%
	~5%
	(5 / 1.10 + 5 / 1.05) / 2

	Channel estimator block
	28.0%
	35%
	~25%
	(35 / 1.10 + 25 / 1.05) / 2

	ADC / DAC
	9.3%
	10%
	~10%
	(10 / 1.10 + 10 / 1.05) / 2

	DL transport channel processing block
	8.1%
	5%
	10%~15%
	(5 / 1.10 + 12.5 / 1.05) / 2

	DL control channel processing block
	5.8%
	5%
	5%~10%
	(5 / 1.10 + 7.5 / 1.05) / 2

	Subframe buffering
	11.7%
	15%
	~10%
	(15 / 1.10 + 10 / 1.05) / 2

	HARQ memory
	11.7%
	15%
	~10%
	(15 / 1.10 + 10 / 1.05) / 2

	Synchronization / cell search block
	9.3%
	10%
	~10%
	(10 / 1.10 + 10 / 1.05) / 2

	UL processing block
	6.9%
	<5%
	~10%
	(5 / 1.10 + 10 / 1.05) / 2

	MIMO specific processing blocks
	4.6%
	<5%
	~5%
	(5 / 1.10 + 5 / 1.05) / 2

	Other
	0%
	~0%
	
	-

	Total
	100%
	110%
	105%
	


4 Conclusions

Based on the email discussion between RAN1#67bis and RAN1#68, this document describes the functional blocks of significant complexity that constitute the reference LTE modem and the relative complexity of those functional blocks based on an average of the values discussed over the email reflector. 

In order to progress the study item, it is very helpful to have an agreed set of relative costs of the functional blocks that constitute the reference LTE modem. Hence it is proposed to agree the inclusion of the averaged table of relative costs in TR36.888. This would allow companies to produce cost estimates of reduced cost LTE MTC modems based on the strategies detailed in section 6 of the TR.
Section 6 of this contribution provides a text proposal for TR36.888.
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6 Text Proposal
This section proposes text for section 5.3 of TR36.888 [1].

<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>
5.3 
Cost drivers of reference LTE modem

  
5.3.1
Functional blocks with significant cost

Figure 5.3.1-1 shows a typical MTC UE’s implementation architecture at the highest level. This figure only considers those architectural elements that are within the scope of 3GPP. 
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Figure 5.3.1-1 – Highest level implementation architecture of an MTC UE

The functional blocks within the RF that have a significant cost are:

· Power amplifier.

· Filters. 

· Duplexers (in an FD-FDD modem). In the reference FD-FDD LTE modem (section 5.2), a duplexer is used on the single antenna that supports both transmission and reception. The other antenna is used for reception only: on this branch filtering replaces the duplexer function.

· RF chains, consisting of LNAs, demodulators etc.

The functional blocks within baseband processing that have a significant cost are:

· FFT.

· Channel estimation block.

· ADC / DAC.

· DL transport channel processing block. This function decodes the DL-SCH.

· DL control channel processing block. This function decodes PHICH, PCFICH, PBCH and PDCCH. PDCCH processing includes operations associated with PDCCH blind decoding and the PDCCH search space.

· Subframe buffering. This involves the buffering of resource element samples in the initial stages of the baseband processing function.

· HARQ memory. This is a function of UE capability.

· Synchronisation and cell search block.

· Uplink channel processing. This functional block is concerned with processing PUSCH, PUCCH and PRACH.

· MIMO specific processing blocks.

5.3.2
Relative cost of functional blocks in reference LTE modem

The relative costs of the functional blocks are dependent on implementation and hence will differ between companies. Table 5.3.2-1 provides relative cost estimates of functional blocks in a reference FD-FDD LTE modem. These relative cost figures have been derived by averaging across the sets of estimates submitted by companies during RAN1 email discussions. The relative costs listed in the table are the percentage of total baseband cost or total RF cost, as appropriate.

Table 5.3.2-1 – 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%


<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>>>>>>>>>
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