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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].  In RAN1#67 the following five approaches to reduce the cost of such a UE over that of a reference LTE category 1 UE were prioritized [2]:

· Reduction of maximum bandwidth

· Single receive RF chain

· Reduction of peak rate

· Reduction of transmit power

· Half duplex operation
Contributions evaluating the cost savings achieved by these different techniques have been submitted to the RAN1#68 and RAN1#68bis meetings and the findings from these different contributions have been summarized in [3].
This contribution compares the cost saving figures which have been derived for the different cost reduction techniques and uses this data in order to estimate how the cost of LTE UEs providing MTC services will evolve over time.
2 Summary of the estimated cost savings
Table 1 presents the results of the cost savings estimation for each of the five selected cost reduction techniques.  The information in this table was generated from the following contributions:
· Reduction of maximum bandwidth

· R1-121922 [4]

· Cost savings correspond to the DL-1 & UL-1 configuration for 1.4MHz bandwidth as this approach achieves the largest cost reduction

· Mean/Minimum/Maximum values calculated over the set of values from the different sources for the selection configuration

· Single receive RF chain

· R1-121826 [5]

· Mean/Minimum/Maximum values calculated over the set of values from the different sources

· Reduction of peak rate

· R1-120949 [6]
· Cost savings correspond to the technique-1 for both uplink and downlink as this approach achieves the largest cost reduction

· Minimum/Maximum values taken from table 6.4.3 and mean value derived as mid-point between min. and max.
· Reduction of transmit power

· R1-121827 [7]

· Mean/Minimum/Maximum values calculated over the set of values from the different sources
· Half duplex operation

· R1-121828 [8]
· Mean/Minimum/Maximum values calculated over the set of values from the different sources
	
	
	Mean cost reduction
	Min. cost reduction
	Max. cost reduction

	Reduction of max. bandwidth

(DL-1 & UL-1)
	RF
	6%
	0%
	17%

	
	BB
	60%
	23%
	80%

	Single receive RF chain
	RF
	22%
	12%
	33%

	
	BB
	30%
	12.5%
	44%

	Reduction of peak rate (technique 1)
	RF
	0%
	0%
	0%

	
	BB
	26%
	17.5%
	35%

	Reduction of transmit power
	RF
	19%
	5%
	30%

	
	BB
	0%
	0%
	0%

	Half duplex operation
	RF
	18%
	10%
	32%

	
	BB
	2%
	0%
	10.5%


Table 1: Summary of the cost savings achieved by the different cost reduction techniques
It can be seen from the above table that the different cost reduction techniques have very different characteristics in terms of whether the cost savings are achieved for the RF or BB processing.  ‘Reduction of maximum bandwidth’ and ‘reduction of peak rate’ provide significant gains in terms of BB cost but no/little gain for the cost associated with the RF processing.  The situation is reversed for ‘half duplex operation’ and ‘reduction of transmit power’, where the cost savings are mostly/entirely achieved through a reduction of the RF processing cost.  Finally, ‘single receive RF chain’ provides gains both in terms of BB and RF processing.

3 Evolution of the cost savings over time
In order to achieve the low-cost target, it will be necessary for the MTC LTE UEs to implement the BB and RF processing on an ASIC.  The evolution of the semiconductor technology provides a cost reduction over time as more processing can be integrated onto the same chip die area.  However, such gains do not apply in the same way for the digital and analog processing.  Digital logic follows Moore’s law and significantly reduces its size on every silicon geometry jump, whereas analogue logic is often tied to other physical constraints that remain essentially independent of the silicon geometry. This means that the cost associated with the RF and BB processing will vary differently over time.  For example, it can be assumed that the cost of the RF processing will reduce by 10% over 2 years, whereas the incremental cost reduction for the BB processing can be estimated to be 50% every 2 years [9].  It is possible to use this model for incremental cost reduction from improved silicon process technology in order to estimate the cost evolution of MTC LTE UEs using each of the five cost reduction techniques.  Figure 1 uses the data summarized in Table 1 and predicts the cost evolution of the MTC LTE UEs over the next 5 years.  The cost saving achieved by each of the five cost reduction techniques is also compared to that achieved by the reference category-1 LTE UE.
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Figure 1: Cost evolution of the five different cost reduction techniques
It can be seen from the above set of figures that a significant cost reduction of the reference category-1 LTE UE can be expected from improvements in silicon process technology only.  Over a five year period, a cost reduction of close to 60% will be achieved even if none of the five cost reduction techniques is selected.
It can also be seen from the above set of figures that the rate at which the cost of the MTC LTE UEs decreases over time is different for the five different cost reduction techniques.  Using the relative cost values based on the mean cost saving numbers, the use of ‘Reduction of maximum bandwidth’ leads to a reduction of close to 30% over 5 years (referenced to the Yr-0 reference UE cost) whereas ‘Reduction of transmit power’ provides a gain which is twice as large over the same period of time at just under 60%.  Essentially, techniques which provide a significant advantage in terms of RF processing cost achieve larger cost savings in the medium and long term.  This is confirmed in Figure 2 where the cost evolution of the five different cost reduction techniques is plotted over a five year period using the mean values in Table 1.
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Figure 2: Comparison of the cost savings achieved by the different techniques over 5 years (based on mean values)
It can be observed from the above figure that the relative ranking of the five different cost reduction techniques varies over the considered five year period.  Using the current cost structure, ‘reduction of maximum bandwidth’ is the technique which clearly provides the largest cost gains.  However, the relative cost advantage of this technique over the other solutions reduces over time.  At the end of the considered five-year period, this solution is only slightly better than both ‘half-duplex operation’ and ‘transmit power reduction’ and is actually worse than ‘single receive RF chain’.
It is interesting to note that an essentially identical cost reduction can be achieved through the use of either ‘reduction of transmit power’ or ‘half duplex operation’.  However, whereas ‘half duplex operation’ isn’t expected to negatively impact coverage nor spectral efficiency [8], the use of ‘reduction of transmit power’ will lead to a significant reduction in the cell spectral efficiency as well as coverage [7].  Depending on the level to which the transmit power is reduced, it may even be possible for the coverage to be worse than that of GSM/GPRS and hence not meet the requirements set in [1].  It is therefore suggested that ‘transmit power reduction’ should not be included in [3] as a recommended technique.
A noticeable cost reduction can be achieved in the short-term through the use of ‘reduction of peak rate’ but this benefits significantly reduces over time, to the point where the incremental gains over the reference category-1 LTE UE are small at the end of the considered five-year period.

On the other hand, Figure 1 shows that the use of ‘single receiver RF chain’ will provide noticeable cost reduction gains over the whole five-year period.  However these gains are achieved at the expense of a reduction in the cell spectral efficiency as well as a potential reduction in coverage and a potential increase in power consumption [5].
An alternative solution to achieving high cost savings over the entire five-year period is to combine a technique which provides a high gain in the short-term with one providing high gains in the long-term.  Figure 2 presents the results for such a combination of ‘maximum bandwidth reduction’ and ‘half duplex operation’.  It can be seen that such a combination would provide very significant gains, with a reduction of ~45% in Year-0 and ~70% in Year-5 over the Year-0 cost of the reference category-1 UE.  Looking at the relative gain in Year-5 of this combination over the reference category-1 UE, this approach still provides a significant cost saving of ~30%.  It can be seen from Figure 2 that the combination of ‘maximum bandwidth reduction’ and ‘half duplex operation’ provides cost benefits larger than ‘single receive RF chain’ over the entire five-year period whilst providing better coverage and higher cell spectral efficiency.
4 Summary and conclusions
In this contribution, the cost savings achieved by the five cost reduction techniques identified in [3] have been summarized.  The evolution over time of the cost for MTC LTE UEs using the different cost reduction techniques has been estimated and compared with that of the reference category-1 LTE UE.  It has been shown that if none of the cost reduction technique is adopted, the cost of the reference category-1 LTE UE can be expected to reduce by close to 60% over the next 5 years.  It has also be shown that the combination of ‘reduction of maximum bandwidth’ and ‘half duplex operation’ can provide significant cost savings both in the short and medium terms.  The cost saving over the current reference category-1 LTE UE will be equal to ~45% in the short-term and would increase to over 70% in a five year period.
Conclusion 1: Improvement in silicon process technology will lead to a reduction close to 60% for the cost of the reference category-1 LTE UE in a five-year period
Conclusion 2: The combination of ‘reduction of maximum bandwidth’ and ‘half duplex operation’ provides significant additional cost savings both in the short-term (~45%) and in the medium-term (~70%), without any significant penalty to cell spectral efficiency
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