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1. Introduction

The Low-Cost MTC UE SI targeted the feasibility of shifting low cost/traffic applications from GSM/GPRS networks onto LTE ones. Such an action would allow carriers to re-farm their 2G spectrum for 4G applications, resulting in an increased spectral efficiency and higher revenues. As a result a number of approaches, supporting low-cost MTC UEs have been identified, balancing the related merits vs. drawbacks requires further consideration.
1.1. Main MTC Categories.
During these SI discussions, sometimes Low-cost MTC UE was identified as a generic MTC UE, possible mis-leading to the conclusion that Low-cost MTC UE may be the only MTC class of applications.
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Fig. 1. Example of MTC UE categories
As presented in Fig. 1, two main MTC categories could be identified, as follows:
	Category
	Low-cost MTC UE
	High-End MTC UE

	Mobility
	Fixed/Low-mobility
	Full mobility

	Throughput
	1-100 kbps
	>1 Mbps

	Performance
	Degraded
	High

· High reliability links

	Coverage
	Degraded
	Full

	Cost/Volume
	Low/High
	High/Moderate


Table 1. Main differentiators between Low-cost and High-End MTC UE.
We can conclude that low-cost MTC UE can’t be assimilated to all MTC application categories.

2. Low-cost MTC UE SI Overview
The findings of these SI discussions are summarized in Table 2. 
Notes:

· The identified cost reduction ranges related to different solutions may not have a direct relationship to cost reductions employed by LSI ASIC based MTC UEs, as a result of PHY specification changes. Also the cost reduction range for each solution is quite wide, reflecting different implementations envisioned by different vendors. Therefore the suggested cost reduction figures should be treated with caution.
	Crt No
	Cost reduction technique
	Pros
	Cons
	Specification Impact

	1
	Maximum BW reduction
	· Relative reduced power consumption.
· Moderate spectral efficiency degradation.

· Major cost reductions.
	Coverage degradation due to:

· Loss of frequency diversity (PDSCH, PCFICH, PHICH, PDCCH) –DL1/2

· Errored CRS estimate (DL3)

· PUCCH freq diversity degradation

· PUSCH freq hopping and selective scheduling gain degraded (UL1)
	Major (RAN1)
· New narrow-band CSS

	2
	Single Rx RF chain
	· Moderate power consumption reduction.
· Major cost reductions
	· Coverage impact (DL)
· Major spectral efficiency impact (FDD/TDD)
	Moderate (RAN1/2)
· Possible PRACH MTC changes

· Compensate PDCCH DL coverage.

· Compact DCI formats

	3
	Peak Rate reduction
	· No coverage impact
· Minor power consumption reduction

· No spectral efficiency impact


	· Minor cost reductions
· Major spectral efficiency impact (if MCS is reduced)
	Minor

	4
	Tx power reduction
	· Major power consumption reduction.
· Moderate cost reduction
	· Major infrastructure cost increases 
· Major coverage impact
	

	5
	Half-Duplex operation
	· No coverage impact
· Major power consumption reduction

· Minor cost reductions
	· More complex BS scheduler
· Major spectral efficiency impact
	Minor (RAN4)
· Performance requirements

· New bands


Table 2: Summary of Low-cost MTC UE techniques.
The data summarized in Table 2 could drive to the the following conclusions:

· The benefits associated with  “Tx Power Reduction” solution are by far over-shadowed by the associated drawbacks, excepting probably some niche cases like small HeNB coverage.
· “The Half-Duplex Operation” method has a balance of merits and cons that may recommend this method to be used on a case by case situation, leaving the implementation to the carrier’s latitude.
· The “Peak-rate Reduction”, “Maximum BW Reduction” and “Peak Rate Reduction” methods appear to have merits that counter-balance the negative impact.
3. Moving Ahead.

The following courses of action could be envisioned, based on the Low-cost MTC study:

1. Further Identify RAN1 specification trade-offs required by the MTC LTE implementation of The “Peak-rate Reduction”, “Maximum BW Reduction” and “Peak Rate Reduction” methods.

2. Study the RAN1/2 impact of High-end MTC UE.
3. Study RAN2 and 4 impact of Low-Cost MTC UE

On the basis of the discussion above, the text proposal below is put forward for consideration
--------------------------------------------------Start of Text Proposal ----------------------------------------------------------

8. Conclusions

While a number of approaches, supporting low-cost MTC UEs, have been identified by this SI, balancing the related merits and drawbacks requires further consideration.

8.1 Main MTC Categories.

During these SI discussions, sometimes Low-cost MTC UE was identified as a generic MTC UE, which might be misleading, as highlighted in Fig. 1.
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Fig. 1. Example of MTC UE categories

The two main MTC categories could be summarized as follows:

	Category
	Low-cost MTC UE
	High-End MTC UE

	Mobility
	Fixed/Low-mobility
	Full mobility

	Throughput
	1-100 kbps
	>1 Mbps

	Performance
	Degraded

· Low/moderate link reliability

· Moderate spectral efficiency


	High

· High reliability links

· High spectral efficiency

	Coverage
	Degraded
	Full

	Cost/Volume
	Low/High
	High/Moderate


Table 1. Main differentiators between Low-cost and High-End MTC UE.

We can conclude that low-cost MTC UE can’t be assimilated to all MTC application categories.

8.2 Low-cost MTC UE SI Overview

The findings of these SI discussions are summarized in Table 2. 

Notes:

· The identified cost reductions related to different solutions may not have a direct relationship to cost reductions employed by LSI ASIC based MTC UEs, as a result of PHY specification changes. Therefore the suggested cost reduction figures should be treated with caution.
	Crt No
	Cost reduction technique
	Pros
	Cons
	Specification Impact

	1
	Maximum BW reduction
	· Relative reduced power consumption.

· Moderate spectral efficiency degradation.

· Major cost reductions.
	Coverage degradation due to:

· Loss of frequency diversity (PDSCH, PCFICH, PHICH, PDCCH) –DL1/2

· Errored CRS estimate (DL3)

· PUCCH freq diversity degradation

· PUSCH freq hopping and selective scheduling gain degraded (UL1)
	Major (RAN1)

· New narrow-band CSS

	2
	Single Rx RF chain
	· Moderate power consumption reduction.

· Major cost reductions
	· Coverage impact (DL)

· Major spectral efficiency impact (FDD/TDD)
	Moderate (RAN1/2)

· Possible PRACH MTC changes

· Compensate PDCCH DL coverage.

· Compact DCI formats

	3
	Peak Rate reduction
	· No coverage impact

· Minor power consumption reduction

· No spectral efficiency impact


	· Minor cost reductions

· Major spectral efficiency impact
	Minor

	4
	Tx power reduction
	· Major power consumption reduction.

· Moderate cost reduction
	· Major infrastructure cost increases 

· Major coverage impact
	

	5
	Half-Duplex operation
	· No coverage impact

· Major power consumption reduction

· Minor cost reductions
	· More complex BS scheduler

· Major spectral efficiency impact
	Minor (RAN4)

· Performance requirements

· New bands


Table 2: Summary of Low-cost MTC UE techniques.

The data summarized in  Table 2 drives to the the following conclusions:

· The benefits associated with “Tx Power Reduction” solution are by far over-shadowed by the associated drawbacks, excepting probably some niche cases like small HeNB coverage.
· “The Half-Duplex Operation” method has a balance of merits and cons that may recommend it  to be used on a case by case situation, leaving the implementation to the carrier’s latitude.
· The “Peak-rate Reduction”, “Maximum BW Reduction” and “Peak Rate Reduction” methods appear to have merits that counter-balance the negative impact.
8.3 Way Forward.

The following courses of action could be envisioned, based on the Low-cost MTC study:

1. Further Identify RAN1 specification trade-offs required by the MTC LTE implementation of The “Peak-rate Reduction”, “Maximum BW Reduction” and “Peak Rate Reduction” methods.

2. Study the RAN1/2 impact of High-end MTC UE.

3. Study RAN2 and 4 impact of Low-Cost MTC UE
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