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Discussion
1 Introduction

An “Low cost MTC UE” study item was approved during the RAN#53 plenary meeting. In order to narrow down the focus on the low cost MTC UEs, the analysis should target a few key areas:

A. The architecture of MTC UE devices, aiming to identify the higher cost components.

B. The applications requesting low cost MTC UEs.
C. Following #B and C, the standard specifications that would enable the low cost MTC UE devices.

This contribution focuses on #A.
2 Generic MTC UE Architecture
There would be envisioned 3 generations of successive UE architectures:

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)

It integrates PHY, Lower MAC (LMAC), ADC, DAC converters and the security sub-layer on the same silicon. The Upper MAC (UMAC) runs on the host processor (usually a low cost generic CPU like ARM9xx). For this type of architecture, the Power Management and RF sub-Modules are different ICs/sub-modules. Depending on the economy of scale backing the MTC applications, it is preferred for MTC apps with some limitations concerning foot-print and cost.
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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: usually it’s an Ethernet Interface.
Advantages:

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

· Depending on the RF LE configuration, it could support multi-band RF service, thus being recommended for mobility applications.
2.3 BB/RF  SOC (3rd generation)
The 3rd generation UE is  based on an “all-inclusive” SoC, comprising the BB (PHY+LMAC) core, RF FE (typically uni-band), including LO and PMM, SDRAM ad Flash memory.
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Figure 2 All-included 3rd Generation UE architecture.
It could be envisioned that for a very large economy-of-scale backing MTC devices, a fourth VLSI generation would include the generic processor on the same slice of silicon.

Advantages:

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

· Depending on the backing economy of scale the cost could be in the same range as the 2nd generation UE

Disadvantages:

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

Conclusions:

1. The MTC UE cost analysis should be focused on 2nd and 3rd UE architecture generations
2. The Host CPU represents a low cost entry-level CPU (like ARM 9xx), allowing flexible memory, floating point operation and possible acceleration functions. Since the same generic CPU type may support both 2nd and 3rd generation architectures, the comparative cost analysis could be simplified if the CPU is not targeted. 

3. The application related HW (sensor, interfaces etc.) are not subject of this wireless modem analysis.

4. The SIM card and the SIM interface are not considered in this analysis. However, the SIM sub-module is a disadvantage of the LTE architecture when compared with the concurrent 4G technology and it is a cost increase factor.
3 Low Cost MTC UE Cost Analysis
The cost analysis has a certain degree of uncertainty, being heavily dependent upon:

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

Hence this analysis is purely informative and it could be used only as a basis for understanding the MTC UE driving cost factors. While the analysis is based on other low cost 4G SoC modems, the cost information was rounded down and up in order to get aligned with other similar LTE cost analysis.
Assumptions:

Both analyzed cases assume the following:

·  MIMO 2x2 diversity scheme.

· No SIM card included in the cost calculations.
· AC power adapter and AC/DC converters

· 100 kpcs volume (even though the device costs are scaled down by approximately the same ratio)

3.1 The LTE BB SoC UE case

An estimated cost breakdown is laid down in the following figure.
The main cost drivers for this case (>= 10% of the total device cost, excepting the CPU and SIM card/interface) are:
BB SoC, (2) RF transceiver and the RF Front End circuitry - 2 RF bands supported, (3) SD-RAM, (4) Flash memory, (5) Power circuitry
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Figure 3. LTE MTC UE cost analysis based on SoC BB UE architecture

The following major cost reduction venues for the BB SoC MTC UE could be envisioned:

1. The Ethernet I/F (estimated to be 6% of the overall cost) could be removed for a low cost MTC UE, since the access will be done in-band (via IP traffic).

2. The SDRAM size and cost could be reduced by properly re-sizing the packet and HARQ process size.

3. Lower size flash memory if only the factory default image is stored (no actual stage recovery possible)

4. Battery operation is envisioned (however an UL coverage trade-off could be envisioned).
5. Lower performance LO, ADC, DAC converter costs (BB SoC cost) if higher modulation orders are not required (higher EVM allowed).

6. Lower performance RF FE if less diversity schemes are intended. However the network architect would draw the fine balance between the network design, cell radius, BS density and the UE sensitivity (driven down by the diversity schemes involved).
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 UE cost breakdown
The main cost reduction venues are:

1. BB/RF SoC. 
In this case the main cost reduction venues would target the IC foot print and power management. Accordingly the following cost reduction venues are envisioned:

· The integrated SDRAM and Flash memories, 
· ADC/DAC cost (licenses) and I/Q circuitry if lower modulation orders are envisioned, which are equivalent to the cases #1, 2, 3, 5, and 6 from above. Please note that vendor dependent, the flash memory may or may not be integrated on the SoC

2. The power circuitry cost could be reduced if  battery operation is envisioned (the same like #4 above)
4 Conclusions
The following cost reduction could be retained for a low cost MTC UE:
1. The Ethernet I/F, since the access will be in-band (via IP traffic).

2. The SDRAM size by properly re-sizing the packet and HARQ process size.

3. The flash memory, by targeting only the factory default image is stored (no actual stage recovery possible)

4. The power circuitry by targeting the battery operation.
5. The LO cost could be reduced if higher modulation orders are not specified (higher EVM allowed).

6. The BB SoC by removing the higher modulation and coding orders, thus lowering the ADC, DAC and I/Q calibration circuitry costs
7. Embedded-SIM modules are targeted

8. Generic low cost and low power CPUs are envisioned
9. The RF FE cost could be reduced if less diversity schemes are intended. However there is a fine balance between the network design, cell radius, BS density and the UE sensitivity.
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