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1 Introduction

This contribution targets the cost analysis of LTE MTC modem (USB based) reference kit.
2 Generic MTC UE Architecture
There are envisioned 3 generations of successive UE architectures, as follows:

2.1 FPGA based UE (1st Generation).

It is preferred during the standard development phase, allowing faster and less costly PHY changes. While used mainly for fixed CPE applications, it is not recommended for MTC apps due to the high cost and high power consumption.
2.2 BB System-on-Chip (SoC) based UEs (2nd Generation)

A block diagram is presented in Fig. 1. 
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Figure 1 Second generation LTE SoC based architecture.
Legend:

- PMM - Power Management Module; FE - Front-End;  Out-of-band I/F: Ethernet or USB Interface.
Advantages:

· Lower power consumption, foot print and cost (vs. the 1st generation)

· Multi-band RF service support, preferred for mobility apps.
2.3 BB/RF  SOC (3rd generation)
A block diagram is presented in Fig. 2
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Figure 2 All-included 3rd Generation UE architecture.
Advantages:

· Lower foot-print and lower power consumption (than 2nd generation UE)

Disadvantages:

· RF band dedicated. The mobility applications involving regional or global roaming may not be supported.

3 Low Cost MTC UE USB Reference kit. Cost Analysis
The cost analysis has a certain degree of uncertainty, being heavily dependent upon:

- The device volumes, which are ultimately driven by the economy of scale driving up the LTE MTC business.
-The vendor implementation and the confidentiality covering related commercial transactions 

- The royalty costs for re-using patented intellectual property (not covered in this analysis). 

Hence this analysis is purely informative. 
Assumptions:

· MIMO 2x2 diversity scheme.

· No SIM card included in the cost calculations. A low-cost MTC UE would be cost efficient without a SIM card..
· Large volume 

· The cost of the associated SW required by a reference kit is not considered.
· USB reference kit (no external power supply or no battery and related auxiliary devices required)
3.1 The LTE BB SoC UE case

An estimated cost breakdown is laid down in the following figure, for the reference LTE modem.
The main cost drivers for this case (except the CPU and SIM card/interface) are presented in Fig 3.
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Figure 3. LTE MTC UE (2nd Gen) cost analysis based on SoC BB UE architecture
The component cost ranking (decreasing order) on a scale of 10 to 1 (1 is the highest cost):
	Component
	Ranking
	Comments

	Base Band Chip
	1
	

	RF Front End (RF FE)
	2-3
	

	RF Chip (single frequency)
	2-3
	

	Flash memory
	4
	

	SDRAM
	5
	

	Local Oscillator
	6
	

	Power Management module
	7
	

	USB PHY
	8
	It could be considered that the cost priority of this I/F is in the same range with a SDIO I/F


Table 1. Estimated relative value ranking of the components targeting a 2nd generation LTE reference modem.
3.2 The LTE BB/RF SoC UE Case

An estimated cost breakdown is laid down in the following figure.
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Figure 4. LTE MTC BB/RF SoC (3rd Gen) UE cost breakdown.
The component cost ranking (decreasing order) on a scale of 10 to 1 (1 is the highest cost):

	Component
	Ranking
	Comments

	BB/RF SoC Chip
	1-4
	This SoC comprises BB, RF, PMM, SDRAM and USB PHY

	RF Front End (RF FE)
	5
	

	Flash memory
	6
	

	LO
	7
	

	Substrate, SDIO/USB I/F, miscellaneous
	8
	See also Table #1 comments


Table 2. Estimated relative value ranking of the components comprising a 3rd gen LTE reference modem .
4 Conclusions
1. The BB or BB/RF SoC is the highest cost contributor. This comprises the ADC/DAC converters.
2. RF Front-end (duplexer, RF Tx/Rx filter, RF antennas, LNAs) and RF chip (2nd Gen LTE SoC only)
· The RF Front-End (RF FE) cost is directly impacted by the amount of support for space/frequency diversity and the amount of supported RFfrequency bands.

· The RF chip cost is directly impacted by the number of RF bands supported.

3. SDRAM memory

- Directly impacted by the amount of HARQ processes.

3. Flash memory size.
· Impacted by size of system images required to be stored. A low-cost MTC UE should not be subject to storing the previous system image during a firmware upgrade.

4. The LO cost could be reduced if higher modulation orders are not specified (higher EVM allowed).

5. A SIM-less MTC architecture should be supporting a low-cost MTC UE, due to the associated HW cost of SIM card reader. It is acknowledged that such a direction has significant implications that go beyond RAN1 WG.
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