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1 Introduction
This contribution shows the feasibility of a low-cost MTC UE modem based on cost saving results and makes a few conclusions for future MTC work item. We propose this contribution to be captured in TR 36.888. 
2 Analysis of Cost Reduction Approaches

Table 1. Impacted Function Blocks for Each Cost Saving Technique
	Impacted Functional Blocks
	Peak Data Rate Reduction
	BW Reduction
	Single RX/RF Chain
	HD-FDD
	Peak TX Power reduction

	
	TBS size reduction
	Restricting PRB
	Restricting modulation
	Both RF & Baseband & UL RF (DL-1/UL-1)
	Baseband only (DL-2/UL-2)
	PDSCH only (DL-3/UL-2)
	Single RX/ RF Chain
	HD-FDD
	Peak TX Power reduction

	RF
	Power AMP
	
	
	x
	x
	
	
	
	
	x

	
	Filters
	
	
	
	
	
	
	x
	x’
	

	
	RF Transceiver
	
	
	x
	x
	
	
	x
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	x'
	x
	

	Baseband
	ADC/DAC
	
	
	x
	x
	
	
	x
	
	

	
	FFT/IFFT
	
	
	
	x
	x
	
	x
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	Post-FFT buffering
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	x
	x
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	RX processing block
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	x
	x
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	Turbo decoding
	x
	x
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	x
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	HARQ buffer
	x
	x
	
	x
	x
	x
	
	
	

	
	DL processing
	
	
	
	x
	x
	
	
	
	

	
	Sync
	
	
	
	
	
	
	x
	
	

	
	UL processing
	x
	x
	x
	x
	
	
	
	x’
	

	
	MIMO proc
	
	
	
	x’
	
	
	x
	
	


Based on analysis results summarized in Section 6.2 to 6.6 [1-5] of TR 36.888, Table 1  captures function blocks where cost reduction can be achieved via each mechanism. For example, Single RX/RF Chain Reduction technique may lead cost saving in RF Transceiver and maybe Duplexer in RF module. Note that x’ denotes that only one data set out of multiple sources indicates some impact on that function block. In Single RX/RF Chain Reduction case, only one source indicates that some saving is expected on Duplexer.  The purpose of this table is to illustrate potential cost saving overlaps among multiple techniques, which shall be carefully considered in estimating the total saving by applying multiple techniques simultaneously. For instance, when both DL-1 BW reduction and TBS limiting are applied, the cost saving would be less than the sum of cost savings from both techniques individually as cost reduction on turbo coding, HARQ buffer, and UL processing between two techniques may not be additive and the overlap portion shall be treated properly. 
	Table 2. Cost Saving Summary for Individual Technique
　
	　
	Total Saving (Low end)
	Total Saving (High end)
	Total Saving (Avg)
	Total Saving (Median)

	Peak Data Rate Reduction
	TBS size reduction
	10.5%
	21.0%
	15.0%
	15.0%

	
	Restricting PRB
	6.5%
	13.5%
	10.0%
	10.0%

	
	Restricting modulation
	3.0%
	10.0%
	7.0%
	7.0%

	BW Reduction
	Both RF & Baseband & UL RF (DL-1/UL-1) (1.4Mhz)
	33.5%
	46.2%
	37.0%
	42.8%

	
	Baseband only(DL-2/UL-2) (1.4Mhz)
	22.0%
	36.5%
	29.0%
	31.2%

	
	PDSCH only(DL-3/UL-2) (1.4Mhz)
	14.1%
	25.0%
	19.5%
	21.0%

	Single RX
	15.0%
	38.0%
	27.0%
	26.0%

	HD-FDD
	4.0%
	19.0%
	9.1%
	8.0%

	Peak TX Power reduction
	2.0%
	12.0%
	7.9%
	10.0%


Table 2 summarizes the estimated cost saving from each technique consisting of minimum, maximum, average, and median out of multiple results from the tables in Section 6.2 to 6.6 [1-5] of TR 36.888. 

Among the proposed techniques, we exclude Peak TX Power Reduction, Restring PRB and Restricting Modulation for the further analysis in this contribution due to the following reasons:

· Reduction of Peak TX Power: it may lead significant uplink coverage issue which cannot be easily recoverable unless uplink relay or small cell is used. Moreover, the cost saving of TX Power Reduction is not considerably high (2-12%), thus we do not recommend TX Power Reduction as a mandatory feature for a low cost MTC UE. 

· Restricting Modulation: as it degrades the spectral efficiency considerably without contributing significantly on cost saving, it is not recommended for a low cost MTC UE feature .
· Restring PRB: it is considered the same as DL-3 BW Reduction, thus it is not analyzed further. 
Proposal 1: Peak TX Power Reduction shall not be mandated for a low cost MTC UE.

Table 3 summarizes the range of cost saving for various combinations of reduction techniques. The way we summarize the results can be described as follows:

1. We select TBS limiting as a given reduction technique as it is expected that the technique leads the lowest performance and specification impact. Our analysis consists of cost savings of different combinations with assumption that TBS limiting is given. 

2. For the analysis, we take min/max from results for each technique.
3. For combinations where a simple addition of cost savings from multiple techniques is feasible (e.g., TBS limiting + HD-FDD), we get the minimum by summing minimum values from each one and get the maximum by summing maximum values of the savings. The average/median is the sum of average/median cost saving values of techniques. 

4. For combinations where cost savings have some overlaps, we selected the base cost saving technique (which offers higher cost saving) and added only “additional” cost savings that other techniques can bring. For example, TBS limiting + DL-1 BW reduction, we used DL-1 BW reduction as the basis and added the estimated additional cost saving by TBS limiting (i.e., cost saving by reducing peak data rate from 4.4Mbps to 1Mbps). When adding additional cost savings, we also take min/max cost saving percentages for each functional block if available. 

The highlighted rows represent combinations where cost saving (average and/or median) is expected to be greater than 60%. 
	Table 3. Cost Savings of Multiple Combinations of Techniques
　
	Min
	Max
	Avg
	Median

	Peak Data Rate Reduction is given (TBS Restriction)
	11%
	21%
	15%
	15%

	TBS + DL-1/UL-1 BW Reduction 
	37%
	54%
	43%
	48%

	TBS + DL-2/UL-2 BW Reduction 
	24%
	42%
	33%
	35%

	TBS + DL-3/UL-2 BW Reduction 
	15%
	29%
	22%
	24%

	TBS + Single RX 
	26%
	59%
	42%
	41%

	TBS + HD-FDD 
	15%
	40%
	24%
	23%

	TBS + DL-1/UL-1BW Reduction + Single RX
	48%
	73%
	56%
	62%

	TBS + DL-2/UL-2 BW Reduction + Single RX
	46%
	71%
	57%
	60%

	TBS + DL-3/UL-2 BW Reduction + Single RX
	37%
	59%
	48%
	49%

	TBS + DL-1/UL-1BW Reduction + HD-FDD
	41%
	73%
	52%
	56%

	TBS + DL-2/UL-2  BW Reduction + HD-FDD
	28%
	61%
	42%
	43%

	TBS + DL-3/UL-2 BW Reduction + HD-FDD
	19%
	48%
	31%
	32%

	TBS + DL-1/UL-1 BW Reduction + TX Power Reduction
	39%
	66%
	51%
	58%

	TBS + DL-2/UL-2 BW Reduction + TX Power Reduction
	26%
	54%
	41%
	45%

	TBS + DL-3/UL-2 BW Reduction + TX Power Reduction
	17%
	41%
	30%
	34%

	TBS + Single RX + HD-FDD
	30%
	78%
	51%
	49%

	TBS + DL-1/UL-1 BW Reduction + HD-FDD + Single RX
	52%
	92%
	65%
	70%

	TBS + DL-2/UL-2 BW Reduction + HD-FDD + Single RX
	50%
	90%
	66%
	68%

	TBS + DL-3/UL-2 BW Reduction + HD-FDD + Single RX
	41%
	78%
	57%
	57%


According to the analysis, we have three combinations which may make it feasible to achieve more than 60% cost saving compared to LTE UE Cat-1 modem. 

1. TBS + DL-1/UL-1 BW Reduction + Single RX
2. TBS + DL-1/UL-1 BW Reduction + HD-FDD + Single RX 
3. TBS + DL-2/UL-2 BW Reduction + HD-FDD + Single RX
Proposal 2: TBS limiting and Single RX/RF chain shall be applied for a low cost MTC UE. 

So far, we have shown that cost savings more than 60% compared to LTE Cat-1 UE modem for a low cost MTC UE is feasible. As shown in three candidate solutions, it is obvious to take TBS limiting and single RX/RF chain techniques for a low cost MTC UE. The final option for a low cost MTC UE category needs further investigation along with feasible options for specification optimizations to address the coverage loss, efficient handling of half-duplex operation and UEs supporting less than 20Mhz. 

Proposal 3: Bandwidth Reduction shall be applied for a low cost MTC UE where the final option is FFS.
As handling of reduced bandwidth UEs may require mature ePDCCH design, we propose the specification optimization work in Rel-12 period. To support a low cost MTC, Rel-11 should focus on 

· Further investigation between the selection of DL-1/UL-1 and DL-2/UL-2 for BW reduction technique
· Further study to decide whether HD-FDD shall be mandated or optional

· Finalize the scope of Rel-12 MTC work item

In Rel-12, MTC WI should focus on the actual optimization work to address the issues identified for chosen cost saving techniques.

Proposal 4: Finalization of the set of reduction techniques shall be continued in Rel-11 MTC WI. 

Proposal 5: Finalizing the scope of Rel-12 MTC WI shall be performed in Rel-11 MTC WI. 
3 Conclusions

This contribution analyzed results from cost saving results from various sources and showed a few options feasible to achieve more than 60% cost saving compared to LTE Cat-1 UE modem. In terms of future WI, we recommend continuing further investigation to finalize the options among multiple feasible ones along with identifying the scope of specification optimizations in Rel-11 and actual specification work in Rel-12. 
Proposal 1: Peak TX Power Reduction shall not be mandated for a low cost MTC UE.

Proposal 2: TBS limiting and Single RX/RF chain shall be applied for a low cost MTC UE. 

Proposal 3: Bandwidth Reduction shall be applied for a low cost MTC UE where the final option is FFS.

Proposal 4: Finalization of the set of reduction techniques shall be continued in Rel-11 MTC WI. 

Proposal 5: Finalizing the scope of Rel-12 MTC WI shall be performed in Rel-11 MTC WI. 
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