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1 Introduction

In RAN#53 a new SI was agreed to look at the provision MTC services with low-cost LTE UEs [1].  RAN1#67 prioritized five different approaches to reduce the cost of such a UE over that of a reference LTE category 1 UE [2].  This document presents the cost-breakdown of the reference LTE category 1 UE and analyses the cost benefits expected to be achieved by the five selected approaches.  Recommendations on the approaches which should be prioritized are also made.
2 Discussion
Table 1 presents the current cost-breakdown for a reference LTE category 1 UE.  The different blocks identified in [3] are listed in Table 1 with the addition of the antenna which had been omitted.  It can be seen that the entries for the relative contributions to the cost of the five different identified blocks are reasonably well aligned with the values presented in [3] and [4].  It is worth noting that the cost breakdown in Table 1 corresponds to that of an FDD UE.  The cost-structure of a TDD UE would be different as some of the RF components would have looser requirements thus leading to an overall reduction in cost.
	Functional block
	Relative cost

	
	

	Ratio and Antenna & RF to baseband cost
	50:50

	
	

	Antenna & RF
	

	Antenna
	20%

	Power amplifier
	15%

	Duplexer (for FDD only)
	15%

	RF chains
	40%

	Filters (IF/BB)
	10%

	
	

	Baseband processing
	

	ADC/DAC
	15%

	FFT
	5%

	Channel estimation
	20%

	DL transport channel processing
	10%

	DL control channel processing
	5%

	Subframe buffering
	10%

	HARQ memory
	10%

	Synchronisation / cell search
	10%

	UL processing
	10%

	MIMO specific processing
	5%


Table 1: Current cost breakdown

Table 2 presents the cost benefit analysis performed for the five different cost-reduction techniques which were agreed in [2].  The impact on the different processing blocks listed in Table 1 of each cost reduction technique is described as achieving either ‘No’ cost reduction, a ‘Low’ cost reduction or a ‘High’ cost reduction.  This simple approach to the analysis of the cost benefit of each of the proposed approach was selected as it may be difficult to provide accurate estimates of the reduction achieved by each technique.  For example, the reduction in the cost of the power amplifier and duplexer blocks will vary with the selected operating frequency band.  Given that the SI should define techniques which provide benefits independently of the frequency band(s) in which the MTC UEs are deployed, it will be difficult to provide accurate cost reduction figures for these blocks.  It is also to be expected that depending on the implementation assumptions made by the different companies, precise figures for the achievable gains will vary significantly and it is likely that agreement on such figures will be difficult to achieve.  Given that the main objective of Table 2 is to enable relative comparisons between the five selected techniques to be made, it is felt that such an approach to the categorization of the benefits of each technique will be adequate.  
	
	Bandwidth reduction
	Single RF chain
	Peak rate reduction
	Transmit power reduction
	HD operation mode

	Antenna & RF
	
	
	
	
	

	Antenna
	No
	High
	No
	No
	No

	Power amplifier
	No
	No
	No
	High
	High

	Duplexer
	Low
	Low
	No
	Low
	High

	RF chains
	No
	High
	Low
	Low
	High

	Filters (IF/BB)
	High
	High
	No
	No
	No

	Baseband processing
	
	
	
	
	

	ADC/DAC
	High
	Low
	No
	No
	No

	FFT
	Low
	Low
	No
	No
	Low

	Channel estimation
	Low
	Low
	No
	No
	No

	DL transport channel processing
	No
	No
	High
	No
	No

	DL control channel processing
	High
	No
	No
	No
	No

	Subframe buffering
	High
	High
	No
	No
	No

	HARQ memory
	No
	No
	High
	No
	No

	Synchronisation / cell search
	No
	Low
	No
	No
	No

	UL processing
	Low
	No
	High
	No
	No

	MIMO specific processing
	High
	High
	No
	No
	No


Table 2: Cost Reduction benefits of the different techniques
The cost breakdown presented in Table 1 corresponds to that of a current reference LTE category 1 UE.  However, as seen from Figure 1, the market for MTC UEs isn’t expected to represent a significant part of the total cellular communication device market for at least another 4/5 years.  The SI should focus on the cost reduction techniques which will provide the most benefits when volume shipments of LTE MTC UEs are expected.
[image: image1.emf]
Figure 1: Predicted evolution of the market share of M2M devices – source Real Wireless Ltd [5]
Proposal 1: The cost analysis of the different techniques being considered in the SI should focus on the predicted cost in 5+years timescales

Due to differences in the technology being used for the different blocks listed in Table 1, the relative contribution of each block to the overall UE cost will change with time and the cost structure of the reference LTE category 1 UE cannot be assumed to be constant.  Figure 2 presents the evolution over time of the relative contributions of the ‘Antenna & RF’ and ‘Baseband processing’ blocks to the overall UE cost.
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Figure 2: Cost structure evolution over time
It can be seen from Figure 2 that in the medium to long term, the ‘Antenna & RF’ blocks dominate the overall cost of a reference LTE category 1 UE.  It is expected that in 2017 and beyond, these blocks will represent more than 70% of the total cost and this proportion further increases with time.  Hence, the SI should focus on the techniques which reduce the cost of these blocks in order to achieve the highest cost reduction in the LTE MTC UEs mass-market timeframe.
Proposal 2: The SI should focus on cost reduction techniques providing benefits in the Antenna & RF processing blocks as these will be the largest contributors to cost when volume shipments of LTE MTC UEs are expected
Figure 3 presents the evolution over time of a cost metric calculated from the information presented in Table 1 and Table 2 for the different cost reduction techniques currently considered in the SI.  This cost metric is calculated by first allocating a score of 3 to entries in Table 2 showing ‘No’ cost reduction, a score of 2 to entries showing a ‘Low’ cost reduction and a score of 1 to entries showing a ‘High’ cost reduction.  These score values allocated to each processing block are then summed using a weight representing the distribution of the costs across that of the UE.  The score is finally normalised such that a value of 100 corresponds to the reference category 1 LTE UE (i.e. when all the individual costs are set equal to 3).  The cost metric of the reference LTE category 1 UE is therefore kept constant at 100 across time despite the fact that the absolute cost of such a UE would actually decrease with time.  Doing so makes it possible to characterize directly the cost benefit of each of the five approaches independently of the expected absolute cost reduction of the reference LTE category 1 UE over time.  A cost reduction technique achieving a ‘High’ cost reduction across all the cost elements would have a constant cost metric of 100/3 and a cost reduction technique achieving ‘Low’ cost reduction across all the cost elements would have a cost metric of 200/3.
As an example, the cost metric for the ‘Single RF’ approach is calculated as follows for the first year:
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Figure 3: Evolution of the cost metric of the different approaches over time
A number of observations can be made from the results presented in Figure 3.
· If the cost structure of the reference category 1 LTE UE were constant across time, the cost metrics of the five different cost-reduction approach would appear as flat lines in Figure 3.  However, as expected from the results in Figure 2, this is not the case and hence the relative rankings of the five different cost-reduction approaches change over time.
· Some approaches, such as ‘bandwidth reduction’ appear to provide very high benefits in terms of cost reduction based on the current cost breakdown but the gains over the reference LTE category 1 UE reduce over time thereby lowering the attractiveness of these solutions when considering realistic timescales for volume shipments of the LTE MTC UEs.
· Techniques such as ‘Transmit power reduction’, ‘FDD-HD/TDD operation mode’ and ‘Single RF chain’ show cost benefits over the reference LTE category 1 UE that increase over time and hence are stronger candidates for consideration in the SI.  The ‘Single RF chain’ approach shows a significantly reduced cost metric compared to that of the reference LTE category 1 UE and hence should be prioritized in the SI.  However, this cost reduction is achieved at the expense of link-level/system-level performance and hence the impact of the removal of the second RF chain will obviously need to be quantified.

· The FDD-HD operation mode does not suffer from such a performance loss and shows significant cost benefits.  It should therefore also be prioritised in the SI.  It is also worth pointing out that the cost structure of a FDD-HD UE is similar to that of a TDD UE.  Hence, MTC UEs designed to operate in TDD bands will have a significant cost advantage over those designed to operate in FDD bands unless half-duplex is used.

· It should also be noted that, as agreed in [6], the cost analysis presented in this document has been performed under the assumption that the MTC UEs are designed to operate in a single frequency band.  Due to the reduction in the cost of the RF front-end components, the cost reduction gains provided by half-duplex would be even larger if operation in multiple bands was targeted.
It can also be seen from Figure 4 that half-duplex operation provides the largest reduction in the cost metric when looking at the combination of ‘Single RF’ with each of the other four cost-reduction approaches.
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Figure 4: Evolution of the cost metric for combinations of cost-reduction techniques

Proposal 3: The SI should focus on the ‘Single RF chain’ and ‘FDD-HD operation mode’ approaches as they offer the lowest cost metric for the timescales corresponding to volume shipments of LTE MTC UEs
3 Conclusions
This document has presented the expected cost breakdown for a reference LTE category 1 UE and has analyzed the cost benefit provided by each of the techniques selected in [2].  It was also shown that the cost breakdown for the reference LTE category 1 UE will not be constant over time and it is therefore strongly recommended that this evolution be taken into account when comparing the different cost reduction approaches.  It was shown that in the timescales corresponding to volume shipments of LTE MTC UEs, the ‘Antenna and RF’ blocks will dominate the cost of the UE and the SI should therefore focus on approaches which enable the cost to be reduced for these blocks.

The ‘Single RF chain’ approach will provide the largest cost-reduction benefits and should therefore be prioritized.  Half-duplex operation for FDD UEs should also be considered as it provides significant cost benefits without suffering from the link-level/system-level performance loss incurred from the removal of the second RF chain.  Moreover, half-duplex operation in FDD frequency bands will also make it possible for the low-cost MTC UEs designed for operation in these bands to be cost-competitive against those designed for TDD operation.
The main proposals made in this document are summarized below.
Proposal 1: The cost analysis of the different techniques being considered in the SI should focus on the predicted cost in 5+years timescales
Proposal 2: The SI should focus on cost reduction techniques providing benefits in the Antenna & RF processing blocks as these will be the largest contributors to cost when volume shipments of LTE MTC UEs are expected
Proposal 3: The SI should focus on the ‘Single RF chain’ and ‘FDD-HD operation mode’ approaches as they offer the lowest cost metric for the timescales corresponding to volume shipments of LTE MTC UEs
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