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1 Introduction

This document provides a summary of the potentially achievable cost reductions from applying the following cost reduction strategies: 

· reduced UE bandwidth

· single RF chain

· reduced peak rate support

· reduced transmit power

· half duplex mode operation

Based on the available cost reductions from applying these strategies, and considering the potential impacts on coverage, power consumption and spectral efficiency, a UE capability for a cost reduced MTC LTE modem is proposed. This cost reduced LTE modem meets the requirements set out in the objectives of the study item [1].

2 Candidate capabilities for a cost reduced modem

A matrix analysis of potential cost reduction savings was performed in [2]. A similar analysis was performed in [3]. The analysis in [2] assumed that:

· For bandwidth reduction, options DL-1 and UL-1 were applied (i.e. both the RF and baseband bandwidths were reduced for UL and DL)

· Peak rate was reduced by limiting the maximum transport block size that could be applied in the DL and UL

This document extends the analysis in [2] to include the other bandwidth cost reduction approaches (DL-2 and DL-3). For the sake of brevity, this document only considers the most attractive cost reduction strategies that were identified in [2].
Characteristics of cost reduced LTE modems

It is our understanding that the cost of the reference category 1 LTE modem would have to be reduced by approximately 60-70% in order to be of a similar cost to a GPRS multi-slot class 2 device. Table 1 lists those combinations of cost reduction strategies that come close to achieving this goal, without reduction of the UE transmit power (which is considered unpalatable as this technique would require the use of extra network nodes in order to restore UL coverage).

Table 1 also summarises the capabilities of UEs that implement these cost reduction techniques. Three variants for reduced bandwidth are considered (termed DL-1/UL-1, DL-2/UL-1 and DL-3/UL-2: the meaning of the terms DL-x is provided in [1] and [4]). In this table, the peak rate is reduced by simply reducing the maximum transport block sizes that are supported in the DL and UL.

Table 1 – Potential combinations of cost reduction techniques that achieve useful cost savings

	Reduced bandwidth (DL-1/UL-1)
	Reduced bandwidth (DL-2/UL-2)
	Reduced bandwidth (DL-3/UL-2)
	Single RF chain
	Reduced peak rate
	Half duplex
	DL RF bandwidth
	DL control bandwidth
	DL data bandwidth
	UL bandwidth
	Peak DL rate (Mbps)
	Peak UL rate (Mbps)
	Duplexing mode
	Number of antennas

	x
	
	
	x
	x
	x
	1.4
	1.4
	1.4
	1.4
	1
	1
	HD
	1

	x
	
	
	x
	x
	
	1.4
	1.4
	1.4
	1.4
	1
	1
	FD
	1

	x
	
	
	x
	
	x
	1.4
	1.4
	1.4
	1.4
	10
	5
	HD
	1

	x
	
	
	
	x
	x
	1.4
	1.4
	1.4
	1.4
	1
	1
	HD
	2

	x
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	1.4
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	1.4
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	HD
	2
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	1.4
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	FD
	1
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	x
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	1
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	2
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	1.4
	1.4
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	1.4
	10
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	FD
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	x
	x
	x
	20
	1.4
	1.4
	20
	1
	1
	HD
	1

	
	x
	
	x
	x
	
	20
	1.4
	1.4
	20
	1
	1
	FD
	1

	
	x
	
	x
	
	x
	20
	1.4
	1.4
	20
	10
	5
	HD
	1

	
	x
	
	
	x
	x
	20
	1.4
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	20
	1
	1
	HD
	2
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	x
	20
	1.4
	1.4
	20
	10
	5
	HD
	2
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	x
	
	
	20
	1.4
	1.4
	20
	10
	5
	FD
	1

	
	x
	
	
	x
	
	20
	1.4
	1.4
	20
	1
	1
	FD
	2

	
	x
	
	
	
	
	20
	1.4
	1.4
	20
	10
	5
	FD
	2

	
	
	x
	x
	x
	x
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	20
	1.4
	20
	1
	1
	HD
	1

	
	
	x
	x
	x
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	20
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	20
	1
	1
	FD
	1

	
	
	x
	x
	
	x
	20
	20
	1.4
	20
	10
	5
	HD
	1

	
	
	x
	
	x
	x
	20
	20
	1.4
	20
	1
	1
	HD
	2

	
	
	x
	
	
	x
	20
	20
	1.4
	20
	10
	5
	HD
	2
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	x
	
	
	20
	20
	1.4
	20
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	5
	FD
	1

	
	
	x
	
	x
	
	20
	20
	1.4
	20
	1
	1
	FD
	2

	
	
	x
	
	
	
	20
	20
	1.4
	20
	10
	5
	FD
	2

	
	
	
	x
	x
	x
	20
	20
	20
	20
	1
	1
	HD
	1


Reference cost breakdowns and discount values

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. In addition, a single value for the potential savings (also termed “discounts”) that can be achieved by each of the cost savings techniques is required. This single value has been created by forming an average of the discount values listed in [5].  Note that this table is also based on IPWireless’ discount values for reduced bandwidth options DL-2 and DL-3 that are shown in the appendix in section 7 (i.e. IPWireless’ discount values for DL-2 and DL-3 that are shown in the appendix have been included as part of the averaging process). Table 2 provides the averaged cost saving estimates that have been used in this document.

Table 2 – Averaged cost savings estimates for cost reduction techniques

	Functional block
	Relative cost
	Reduced bandwidth (DL-1/UL-1)
	Reduced bandwidth (DL-2/UL-2)
	Reduced bandwidth (DL-3/UL-2)
	Reduced peak rate
	Single RF chain
	Half-duplex FDD mode

	Ratio of RF to baseband cost
	40:60
	
	
	
	
	
	

	RF

	Power amplifier
	23.9
	0
	0
	0
	0
	0
	0

	Filters
	9.4
	5
	0
	0
	0
	41.7
	4

	RF transceiver
	45.7
	0
	0
	0
	0
	38.3
	4

	Duplexer / switch
	21.0
	0
	0
	0
	0
	8.3
	78.4

	Baseband

	ADC / DAC
	11.0
	82.5
	0
	0
	0
	38.3
	0

	FFT / IFFT
	5.6
	95.3
	23.3
	0
	0
	35.5
	6

	Post FFT data buffering
	11.2
	93.3
	93.3
	55
	0
	41.7
	0

	Receiver processing block
	26.7
	76.5
	76.5
	52
	0
	45.0
	4

	Turbo decoding
	8.6
	54.8
	54.8
	54.8
	90
	0
	0

	HARQ buffer
	11.9
	65.8
	65.8
	65.8
	90
	0
	0

	DL control channel proc / decode
	5.0
	42.5
	42.5
	0
	0
	3.3
	0

	Synchronisation / cell search
	10.1
	0
	0
	0
	0
	40
	0

	UL processing block
	7.1
	39.5
	0
	0
	81
	0
	4

	MIMO specific processing block
	2.8
	23.3
	23.3
	0
	0
	25
	0

	Other
	0
	0
	0
	0
	0
	0
	0


3 Cost for groups of cost reduction approaches

Cost estimates were created for all of the cost reduction combinations listed in Table 3. 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 estimated cost saving of 35.5% in the post FFT data buffering costs of LTE MTC modem; and
· if a reduction of the bandwidth on its own leads to an estimated cost saving of 95.3% in the post FFT data buffering costs of the LTE modem; then
· the estimated cost saving of the post FFT data buffering for an LTE MTC modem with both a reduced bandwidth and a single RF chain is (1  - (1-0.355) ( (1-0.953) ) = 97.0%  (hence a cost saving of 97.0% 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 5 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.
The groups of cost reduction techniques that would achieve a cost that is close to that of the GPRS multislot class 2 device are highlighted in this table.
Table 3 – Potential combinations of cost reduction techniques that achieve useful cost savings

	Reduced bandwidth (DL-1/UL-1)
	Reduced bandwidth (DL-2/UL-2)
	Reduced bandwidth (DL-3/UL-2)
	Single RF chain
	Reduced peak rate
	Half duplex
	Estimated cost saving

	x
	
	
	x
	x
	x
	64.6%

	
	x
	
	x
	x
	x
	59.7%

	x
	
	
	x
	
	x
	59.4%

	x
	
	
	x
	x
	
	57.9%

	
	
	x
	x
	x
	x
	54.1%

	
	x
	
	x
	x
	
	52.9%

	
	x
	
	x
	
	x
	52.8%

	x
	
	
	x
	
	
	52.6%

	x
	
	
	
	x
	x
	51.2%

	
	
	
	x
	x
	x
	47.5%

	
	
	x
	x
	
	x
	47.3%

	
	
	x
	x
	x
	
	47.2%

	x
	
	
	
	
	x
	46.0%

	
	x
	
	x
	
	
	45.9%

	x
	
	
	
	x
	
	43.5%

	
	x
	
	
	x
	x
	43.3%

	
	
	x
	x
	
	
	40.2%

	x
	
	
	
	
	
	38.2%

	
	x
	
	
	
	x
	36.4%

	
	x
	
	
	x
	
	35.5%

	
	
	x
	
	x
	x
	34.6%

	
	x
	
	
	
	
	28.5%

	
	
	x
	
	
	x
	27.7%

	
	
	x
	
	x
	
	26.5%

	
	
	x
	
	
	
	19.6%


4 Capability of cost reduced device

The cost analysis of Table 5 indicates that a low cost MTC UE based on LTE should have the following features:

· Reduced bandwidth (either option DL-1 or DL-2)

· A single RF chain

· Either a reduced peak rate or operate in HD-FDD mode (or both)

Reduced peak rate, HD-FDD mode

Since reduction of the peak rate is simply a matter of specifying a smaller maximum transport block size for the UE to decode / encode, this cost reduction technique should be applied. Similarly, use of half duplex mode reduces the cost of the device, has few specification impacts and has little or no negative impacts on performance and hence this technique should also be applied.

Reduced bandwidth, single receive RF chain

When considering whether to support a reduced bandwidth and a single RF chain in a low cost MTC device, the overall objective of the study item must be borne in mind: the reduction of LTE device cost to a level that is competitive with GPRS. There is no point in defining a device that is cost reduced relative to a category 1 Release-10 LTE device, but is not cost competitive with GPRS. Given that a multislot class 2 GPRS device supports a single receive antenna and a bandwidth of 200kHz, it seems self-evident that an LTE device could only be cost competitive with such a GPRS device if its attributes approximated those of that device. This study has shown that by reducing the bandwidth and using a single receive RF chain (in addition to reducing the peak rate and using HD-FDD mode), it is possible to achieve a cost that is comparable to that of a multislot class 2 GPRS device.

In order to support a low cost MTC device there will be specification impacts. Some of these specification impacts are directly related to defining the new UE capability; others are related to compensating for the performance loss associated with loss in frequency diversity or antenna diversity. The choice that has to be made is between making the necessary specification changes to LTE to allow MTC to be efficiently supported and accepting that a large body of low cost MTC devices will not be supported on LTE. 

It is our opinion that it is better to make the changes to the LTE specifications than for these low cost MTC devices to be necessarily supported to be specified elsewhere. After all, there are other standards and proprietary solutions for supporting MTC. If MTC is supported by some means other than LTE, the engineering, CAPEX and OPEX costs associated with supporting LTE will be greater than if MTC is supported natively in the LTE specifications. Hence making necessary alterations to the LTE specifications in order to support low cost MTC devices seems to be a more than acceptable “price” to pay.

When considering the coverage impacts of the support of reduced bandwidth devices, the channels over which MTC traffic are likely to be transmitted should be considered. Many MTC applications will be supported by stationary devices for which mobile channel models may not be well suited. In addition many MTC applications have traffic characteristics that consist of small packets transmitted in a bursty fashion. For such traffic characteristics it may not be efficient to set up the feedback loops required to support techniques such as frequency selective scheduling. In this case any coverage or capacity gains that are predicated on the existence of these feedback loops may not be evident in practice (whether MTC is supported by Release-10 devices or cost reduced MTC devices). Our view is that the coverage and capacity impacts of supporting a low cost MTC device may not be significant in a real world deployment when real MTC traffic is supported. In any case we consider any impacts to be surmountable via specification changes.

Reduction of options

The primary goal of the study item was to determine whether it is feasible to specify a low cost MTC UE that has acceptable performance. The study item of itself does not need to specify a UE capability for the support of a low cost MTC device: as long as it is feasible to create a low cost MTC device with acceptable performance, then that is a reasonable outcome of the study item. There is no need to define a specific UE capability at this stage, hence a choice between reduced bandwidth options DL-1 and DL-2 does not have to be made at this stage: both would achieve the goals of the study item. However option DL-1 provides the greatest cost saving and hence would be our favoured method of supporting low cost MTC LTE UEs.

Based on the above discussion, Table 4 defines preferred UE capabilities that would be able to meet the objectives of the study item.

Table 4 – UE capability profiles that would be able to meet the objectives of the study item
	Reduced bandwidth (DL-1/UL-1)
	Reduced bandwidth (DL-2/UL-2)
	Reduced bandwidth (DL-3/UL-2)
	Single RF chain
	Reduced peak rate
	Half duplex
	DL RF bandwidth
	DL control bandwidth
	DL data bandwidth
	UL bandwidth
	Peak DL rate (Mbps)
	Peak UL rate (Mbps)
	Duplexing mode
	Number of antennas

	x
	
	
	x
	x
	x
	1.4
	1.4
	1.4
	1.4
	1
	1
	HD
	1

	
	x
	
	x
	x
	x
	20
	1.4
	1.4
	20
	1
	1
	HD
	1


Number of defined UE capabilities
It is acceptable to define a single UE capability profile for a low capability LTE MTC device (i.e. one of the two possible UE capability profiles described in Table 4 should be defined in the specifications.

Those MTC applications that require higher performance than can be achieved with the possible UE capabilities defined in Table 4 can be supported using the existing category 1 LTE modem defined in Release-10 specifications.
5 Conclusion

The study item on the provision of low-cost MTC UEs based on LTE has shown that it is feasible to define a UE capability that is cost competitive with a multi-slot class 2 GPRS device. The specification and performance impacts of defining such a device are considered to be acceptable. The capabilities of this LTE MTC device should be:

· Supports a maximum baseband bandwidth of 1.4MHz in the DL.

· The downlink RF bandwidth can be either 20MHz or 1.4MHz. The preferred RF bandwidth is 1.4MHz.

· Supports a maximum uplink bandwidth of either 1.4MHz or 20MHz. The UL bandwidth of the device is independent of the DL bandwidth.

· Supports a single receive RF chain.

· Supports operation in half duplex mode only.

· Supports a maximum transport block size in the DL and UL of approximately 1000 bits.
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7 Appendix: Cost Savings for Reduced Bandwidth Options
This appendix provides IPWireless’ cost saving estimates for reduced bandwidth options DL-1/UL-1, DL-2/UL-2 and DL-3/UL-2. These cost saving estimates are provided in Table 4; they assume that the bandwidth is reduced from 20MHz to 1.4MHz. These cost saving estimates have been used as one of the inputs to the averaging process to derive Table 2 in section 2.2 (the other cost saving estimates used in the averaging process for Table 2 were those detailed by other sources in [5]).

The definitions of the terms DL-1, DL-2, DL-3, UL-1 and UL-2 are provided in [5] and are briefly summarised as:

· DL-1: reduction of both baseband and RF bandwidths in the DL

· DL-2: reduction of the baseband bandwidth only in the DL: the RF bandwidth is the full bandwidth of the LTE carrier

· DL-3: reduction of the baseband bandwidth for PDSCH only: the bandwidth of the PDCCH is unaffected. The RF bandwidth is the full bandwidth of the LTE carrier

· UL-1: reduction of both the baseband and RF bandwidths in the UL

· UL-2: no reduction of UL bandwidth

Table 5 – IPWireless cost saving estimates for options DL-1/UL1, DL-2/UL-2 and DL-3/UL-2

	Functional block
	reduced bandwidth (DL-1/UL-1)
	reduced bandwidth (DL-2/UL-2)
	reduced bandwidth (DL-3/UL-2)

	RF

	Power amplifier
	0
	0
	0

	Filters
	0
	0
	0

	RF transceiver
	0
	0
	0

	Duplexer / switch
	0
	0
	0

	Baseband

	ADC / DAC
	93
	0
	0

	FFT / IFFT
	96
	0
	0

	Post FFT data buffering
	93
	93
	73

	Receiver processing block
	93
	93
	73

	Turbo decoding
	56
	56
	56

	HARQ buffer
	56
	56
	56

	DL control channel proc / decode
	50
	50
	0

	Synchronisation / cell search
	0
	0
	0

	UL processing block
	54
	0
	0

	MIMO specific processing block
	93
	93
	0

	Other
	0
	0
	0


