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1. Introduction

Low-cost MTC UE SI evaluated possible cost reductions, based on a basic functionality of a UE with degraded performance. Accordingly, a number of possible solutions were identified, as listed in TR36.888. While cost reduction analysis was developed for each one of these solutions, the related calculations were based on PHY development effort, which may not be directly linked to $ cost reduction. Since any low-cost MTC UE is expected to be LSI ASIC based, the cost reduction analysis should include a silicon based approach, directly targeting $ cost reduction.
2. Low Cost MTC UE and Regular MTC UE Comparison.
This paper targets the overall LSI ASIC cost reduction range for a low-cost MTC UE when compared with a reference LSI ASIC UE. In order to run a meaningful cost reduction exercise, the individual LSI ASIC block reductions are referenced to the overall LTE modem cost (%) and summed up. While the result is purely informative, since is implementation dependent, it still provides an estimate of the cost reduction range for a low-cost MTC UE. 
2.1. Functional Considerations

A low-cost MTC UE is expected to be a fixed single-frequency, single protocol (LTE) device, with reduced power consumption and low throughput, based on a LSI ASIC architecture, targeting a reduced number of applications.

Fig. 1 indicates the typical LTE modem blocks and the external ones (grayed out).
2.2. LSI ASIC Technological Aspects

Any low-cost MTC UE is expected to be based on a LSI ASIC due to the following considerations:
· The LSI ASIC provides the most cost effective device architecture, targeting mass scale production (millions of units or more), unlike FPGA based UEs, meant for prototype/small scale production.
· LSI ASICs provide the best power consumption (vs. FPGA architecture), due to the smaller size gate.
Based on Fig. 1, the following reference LTE modem blocks could be subject to a MTC cost reduction exercise:
A. ARM core

- Application dependent, it is used as L2 instruction cache. For some low-cost applications, it could substitute the application processor. Application dependent, it could also support PHY/MAC co-processor (acceleration) functions and run different low layer routines, optimizing overall chip power consumption and speed processing.

- For a low-cost MTC, assuming reduced traffic (e.g. max 1000 bit packets), the multiple ARM core could be reduced to an one core unit, potentially providing major cost savings not only due to the gate count reduction, but also due to smaller power consumption and also due to the royalty cost reduction.

- Furthermore, application dependent, the single ARM core could be operated on a lower ARM clock frequency, thus lowering the overall chipset dissipated power and potentially optimizing the chip packaging cost.
B. DSP Core

- Application dependent, used as L1 cache or possible as PHY/MAC co-processor (co-processor). 

- Due to the reduced DL/UL traffic, the DSP core could be significantly reduced (vs. a typical LTE modem).

- The overall gate count and power consumption are reduced, allowing a cost effective packaging to be employed.
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Figure 1. Generic LTE modem architecture and the MTC cost reduction targets.
C. SDRAM

- Used mainly for the LMAC HARQ processes and as application processor’s RAM memory.

- Given reduced DL/UL process sizes (Low-cost MTC case), the SDRAM size could be potentially halved.

D. USIM

The USIM electrical I/F could be ASIC integrated, but the USIM architecture has shortcomings:

· Increased cost due to the mechanical USIM Card I/F and USIM card.
· Lower flexibility to accommodate multiple MTC operators concerning subscription management. 

An embedded USIM solution aimed for MTC users should be further discussed in SA2 and RAN2/3 WG.

E. Clock and Time Management Sub-system

It is functionally distributed between BB and RF sub-modules. Significant reductions could be obtained by:

· Reducing the BW, due to the reduced FFT size, triggering reduced sampling clock speed.

· Reduced MCS, allowing a higher EVM and accordingly a lower quality/cost LO (higher phase noise).

F. GPIO

- A low-cost MTC UE, would require a reduced GPIO functionality (reduced testing and interruption requests). The overall cost impact (silicon wise) remains in-significant due to the minor gate count reduction.

G. Flash Memory

Used to store system images. The following system images are stored in the Flash memory:

1. Current (running) system image

2. Factory default image
3. Backup as the current system image during FW upgrade.

The potential low-cost MTC UE savings target the factory default image, saving up to 1/3 of the Flash memory size.

H. RF Module

The related cost reduction exercise for a low cost MTC UE, targets: 

· Circuit reductions of the TX, RX buffers on the I/F side, serial interfaces (Tx and Rx), I/F clock speed, which may not be significant, when considered as cost savings % referenced to the overall platform cost.

· Replacement of the multi-protocol SW defined radio I/F and RF chipset Digi RF with a simpler uni-protocol interface (like JESD207), which could also support RF chipset supporting half-duplex operation . 
· Reduced RF front-end (RF-FE) complexity due to the single frequency support.
· Reduced Tx power by employing a low-power PA, albeit any TX power reduction should be analysed in conjunction with possible infrastructure cost increases.

· Reduced LO cost (treated under the Clock/Time management block)

· No space diversity circuitry 

I. Other components

The following components/blocks are not employed by a low cost MTC UE:

· No SD I/F and card, Ethernet or Bluetooth interfaces
· No application processor. The application I/F is replaced by a simpler process interface (like SDIO)
2.3. Example of LSI ASIC cost reductions.
Based on #2.1 and 2.2 the following non-PHY cost reductions could be envisioned, as represented in Table 1. 
Notes: 
1. The cost reductions presented in Table 1 are expressed as % referenced to the overall LTE modem cost.
2. The assumed cost reductions are implementation dependent.
	
	LTE Modem Section
	Block
	Estimated Min Cost Reduction [%]
	Estimated Max Cost Reduction [%]
	Comments

	Base Band/
Power Management
	BB/PM chipset
	ARM Core
	2.4
	3.9
	

	
	
	DSP Core
	0.3
	0.6
	

	
	
	PHY
	-
	-
	

	
	
	Power Management
	0.1
	0.4
	

	
	
	Interfaces
	0.5
	1.2
	

	
	
	Packaging
	0.3
	1.4
	

	
	
	Miscellaneous
	0.2
	0.8
	

	
	Flash Memory
	
	0.8
	2.3
	

	
	SDRAM Memory
	
	1.7
	4.5
	

	
	USIM (I/F and card)
	
	2.4
	4.1
	Vs. an embedded USIM solution

	
	BB Miscellaneous
	
	2.3
	5.6
	Substrate, misc. components

	
	Total BB/PM sub-module savings [%]
	11
	24.8
	

	RF
	RF-FE
	
	4.1
	5.9
	Antenna incl. (w/o LO)

	
	RF Chip
	
	7.5
	11.3
	JESD207 vs. Digi RF

	
	LO
	
	2.5
	4.3
	

	
	RF Miscellaneous
	
	0.8
	2.3
	

	
	Total RF Savings [%]
	14.9 %
	23.8
	

	Total [%]
	26
	48
	


Table 1. Example of cost reductions concerning a low cost MTC TDD LTE Modem (BW=5 MHz).
Observations:

1. The cost reductions impacting LO might exceed other RF-FE costs, BW dependent. [5]
2. The most major cost reduction component is brought in by the RF chip, since a low cost MTC UE would not require a SW Defined Radio (Digi RF I/F) [4]
3. Since the reductions presented in Table 1 are presented as %, they could be applied to both BOM cost and commercial estimates (different margins assumed), under certain conditions.

4. Any other PHY specific block cost reductions should be considered as extra savings. However, it should be noted that the 1st approach of a silicon vendor, when a market is unknown, would be to re-use already made chipsets and eventually turn-off blocks which are not used, rather than designing a new dedicated chipset. The present analysis reflects this approach.
3. Conclusions
The LSI ASIC cost reductions targeting a low-cost MTC UE compared with a reference ASIC LTE modem, could be significant, varying between 26 to 48% (implementation dependent). 
Assuming the inherent uncertainty associated with a generic cost analysis, we could conclude that a low-cost MTC UE is a cost effective choice vs. a typical reference LTE modem.  
It should be noted that the savings derived of the MTC LTE economy of scale are not reflected in this paper.
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--------------------------------------------------Start of Text Proposal ----------------------------------------------------------

7.1 Summary of Cost Reductions

[To be developed]
7.2 Specific Low-cost MTC UE LSI ASIC Cost Reductions

Any low-cost MTC UE is expected to be LSI ASIC based, due to reasons presented hereby. It should be highlighted that the PHY specifications drive the LSI ASIC MTC UE architecture and cost.
7.2.1 Low Cost MTC UE and Regular MTC UE Comparison.

This section compares a low-cost MTC UE LSI ASIC based with a typical reference LTE modem LSI ASIC in terms of cost savings. The cost savings for individual LSI ASIC blocks are referenced to the overall LTE modem cost (%) and summed up. While the result is purely informative, since is implementation dependent, it still provides an estimate of the cost reduction range for a low-cost MTC UE. 
A low-cost MTC UE is expected to be a fixed single-frequency, single protocol (LTE) device, with reduced power consumption and low throughput, based on a LSI ASIC architecture, targeting a reduced number of applications.

Fig. 1 indicates the typical LTE modem blocks and the external ones (grayed out).

7.2.2 LSI ASIC Technological Aspects

Any low-cost MTC UE is expected to be based on a LSI ASIC due to the following considerations:

· The LSI ASIC provides the most cost effective device architecture, targeting mass scale production (millions of units or more). Unlike LSI ASIC, FPGA based UEs are meant for small scale production.

· LSI ASICs provide the best power consumption (vs. FPGA architecture), due to the smaller size gate.

Based on Fig. 1, the following reference LTE modem blocks could be subject to a MTC cost reduction exercise:

A. ARM core

Application dependent, it could be used as:

-  L2 instruction cache. 
- For some low-cost applications, it could substitute the application processor or as

- PHY/MAC co-processor (acceleration) functions, running different low layer routines, optimizing overall chip power consumption and speed processing.

For a low-cost MTC, assuming reduced packet traffic, the multiple ARM core could be reduced to a single core unit, potentially providing major cost savings due to (i) Gate count reduction, (ii) Smaller power consumption, (iii) Royalty cost reduction and (iv) Lower ARM clock frequency, lowering the chipset’s dissipated power thus optimizing the chip packaging cost.

B. DSP Core
Could be used as L1 cache or as PHY/MAC co-processor. Due to the reduced DL/UL traffic, the DSP core size could be reduced (vs. a typical LTE modem), reducing also the overall gate count and power consumption.
C. SDRAM

Used mainly for the LMAC HARQ processes and as application processor’s RAM memory. Due to reduced DL/UL

HARQ processes (Low-cost MTC case), the SDRAM size could be potentially halved.

D. USIM

Has the following shortcomings: (i) Increased cost due to the mechanical USIM Card I/F and USIM card and (ii) Lower flexibility to accommodate multiple MTC operators. An embedded MTC USIM solution should be desirable.
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Figure 1. Generic LTE modem architecture and the MTC cost reduction targets.
E. Clock and Time Management Sub-system

It is functionally distributed between BB and RF sub-modules. Significant reductions could be obtained by:

· Reducing the BW, due to the reduced FFT size, triggering reduced sampling clock speed.

· Reduced MCS, allowing a higher EVM and accordingly a lower quality/cost LO (higher phase noise).

F. GPIO

- A low-cost MTC UE, would require a reduced GPIO functionality (reduced testing and interruption requests). The overall cost impact (silicon wise) remains in-significant due to the minor gate count reduction.

G. Flash Memory

Used to store system images: (i)  Current (running) system image, (ii) Factory default image, (iii) Backup of the current system image during a FW upgrade. Potential low-cost MTC UE savings target the factory default image, saving up to 1/3 of the Flash memory size.

H. RF Module

The related cost reduction exercise for a low cost MTC UE, targets: 

· Circuit reductions of the TX, RX buffers on the I/F side, serial interfaces (Tx and Rx), I/F clock speed, 

· Replacement of the multi-protocol SW defined radio I/F and RF chipset Digi RF with a simpler uni-protocol interface (like JESD207), also supporting RF chipset supporting half-duplex operation . 

· Reduced RF front-end (RF-FE) complexity due to the single frequency support.

· Reduced Tx power by employing a low-power PA, albeit any TX power reduction should be analysed in conjunction with possible infrastructure cost increases.

· Reduced LO cost (treated under the Clock/Time management block)

· No space diversity circuitry 

I. Other components

The following components/blocks are not employed by a low cost MTC UE:

· No SD I/F and card, Ethernet or Bluetooth interfaces
· No application processor. The application I/F is replaced by a simpler process interface (like SDIO)
7.2.4 Example of LSI ASIC cost reductions.

Notes: 

1. The cost reductions presented in Table x are expressed as % referenced to the overall LTE modem cost.

2. The assumed cost reductions are implementation dependent.

	
	LTE Modem Section
	Block
	Estimated Min Cost Reduction [%]
	Estimated Max Cost Reduction [%]
	Comments

	Base Band/

Power Management
	BB/PM chipset
	ARM Core
	2.4
	3.9
	

	
	
	DSP Core
	0.3
	0.6
	

	
	
	PHY
	-
	-
	

	
	
	Power Management
	0.1
	0.4
	

	
	
	Interfaces
	0.5
	1.2
	

	
	
	Packaging
	0.3
	1.4
	

	
	
	Miscellaneous
	0.2
	0.8
	

	
	Flash Memory
	
	0.8
	2.3
	

	
	SDRAM Memory
	
	1.7
	4.5
	

	
	USIM (I/F and card)
	
	2.4
	4.1
	Vs. an embedded USIM solution

	
	BB Miscellaneous
	
	2.3
	5.6
	Substrate, misc. components

	
	Total BB/PM sub-module savings [%]
	11
	24.8
	

	RF
	RF-FE
	
	4.1
	5.9
	Antenna incl. (w/o LO)

	
	RF Chip
	
	7.5
	11.3
	JESD207 vs. Digi RF

	
	LO
	
	2.5
	4.3
	

	
	RF Miscellaneous
	
	0.8
	2.3
	

	
	Total RF Savings [%]
	14.9 %
	23.8
	

	Total [%]
	26
	48
	


Table 1. Example of cost reductions concerning a low cost MTC TDD LTE Modem (BW=5 MHz).

Observations:

1. The cost reductions impacting LO might exceed other RF-FE costs, BW dependent. [5]

2. The most major cost reduction component is brought in by the RF chip, since a low cost MTC UE would not require a SW Defined Radio (Digi RF I/F) [4]

3. Since the reductions presented in Table x are presented as %, they could be applied to both BOM cost and commercial estimates (different margins assumed), under certain conditions.

4. Any other PHY specific block cost reductions should be considered as extra savings. However, it should be noted that the 1st approach of a silicon vendor targeting an emerging market, would be to re-use existent chipsets by turning-off blocks which are not used, rather than designing a new dedicated chipset. 
The present analysis reflects this approach.

7.2.5 Conclusions

The LSI ASIC cost reductions targeting a low-cost MTC UE compared with a reference LTE modem, could  vary between 26 to 48% (implementation dependent). Assuming the inherent uncertainty associated with a generic cost analysis, we could conclude that a low-cost MTC UE is a cost effective choice vs. a typical reference LTE modem.  Supplementary savings could be attracted by the economy of scale backing LTE MTC apps.
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