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1. Introduction
Motivated by the goal of avoiding, in the future, the need to maintain a separate GSM/GPRS network just for MTC devices, the study item of provisioning of low-cost MTC UEs based on LTE was proposed and approved[1]
. The most important factor for the business success of LTE based MTC is obviously cost if satisfactory coverage & power consumption can be ensured as well.  

Therefore in this contribution, we are trying to derive more cost analysis for each of the five studied techniques, with a particular focus on delta cost difference under various technique combinations. Based on the analysis, our recommendation on the subset of cost saving measures is explained. 
2. Further discussion of techniques for low-cost MTC
2.1. Bandwidth Reduction 
Three DL options and two UL options of bandwidth reduction for low-cost MTC were included in the agreed TP [2]. We provide further analysis and clarification in [3], especially with respect to the difference between options. With the difference well understood, it is easier to estimate the cost saving difference.   
In [3], we further clarify that:

· Option DL-1: 
· RF is tuned to the narrowband of interest. Need to retune if the location of the BW of interest changes. 
· BB: Sampling rate is reduced in proportion to the BW. Both ADC and FFT will operate at a lower sampling rate. 
· Option DL-2:    
· RF: Difference between DL-2 and DL-1 is on the bandwidth of analog receive filtering. 
· BB ADC: It is more reasonable to make the ADC the same bandwidth as RF FE (which is wideband) since the signal entering ADC is wideband. Hence there is no cost saving for DL-2 on ADC/DAC.     
· BB FFT: There are two possible processing: down-sample and take a reduced sized FFT or take a full-size FFT. Compared to DL-1, DL-2 can more easily change the received narrow band in the digital domain. Full-size FFT will provide a number of benefits including possibility of non-contiguous subcarrier for diversity gain and compatibility with ePDCCH, no restriction to only band center, and so on. 
· Option DL-3 
· Main motivation of DL-3 is to be able to use the legacy control channels. For both DL-2 and DL-2, if MTC devices know the PDSCH location and maximal size, cost saving on the post-FFT data buffering can be achieved. The key difference in cost saving between DL-3 and DL-2 is the amount of post-FFT data buffering.
The only cost different between DL-1 and DL-2 is that DL-1 has additional saving on ADC/DAC and FFT/IFFT, who take 10% and 5% cost of baseband (BB) respectively, for a total of 9% saving. The difference of cost saving between DL-2 and DL-3 comes from “Post-FFT data buffering”, who takes 10-15% cost of BB [2].  Considering 6 PRBs compared with 100 PRBs, and three symbols for legacy control channels for DL-3, the cost saving on “Post-FFT data buffering” is 94% and 74% respectively (normal CP). Without combination with other techniques, the total cost saving different between DL-2 and DL-3 is around 1.2%~1.8% (i.e., (94%-74%)× 10~15% ×60%). 
In summary we see:
· DL-1 saving - DL-2 saving = 9% 
· DL-2 saving – DL-3 saving = 1.2-1.8% 
DL-1 and UL-1 both has a reduced bandwidth in RF and BB, so ADC and DAC, FFT and IFFT, will all operate at a lower sampling rate. Cases with different DL and UL bandwidth (e.g., DL-1 with UL-2) requires different sampling rates and thus more detailed analysis on any justification of a difference ADC and DAC and a different FFT and IFFT. One of the problems with UL-1 is that the uplink orthogonality between MTC UEs and normal UEs cannot be maintained due to spectrum re-growth on the edge of reduced bandwidth. Hence there will be interference from MTC UL transmission to normal UE’s UL transmission. DL-1 also suffers from the loss of frequency diversity and the need of retuning if reception of non-center reduced bandwidth is required. 
Proposal # 1: The cost saving of reduced bandwidth is significant enough to be considered as a cost reduction candidates. Considering the tradeoff between the cost saving and performance impact, DL-2 and DL-3 (both in combination with UL-2) should be preferred candidates over DL-1 (in combination with UL-1). 
2.2.  Peak rate reduction 
Three techniques are proposed to reduce peak rate [5]: 
PR-1: reduction of maximum transport block sizes for DL and UL;   
PR-2: restricting the number of PRBs in an assignment/grant; 
PR-3: restricting the maximum modulation order.
Both technique-1 and 2 archives cost saving from reduction of TBS (see table below). In the case of technique-1 for example, reduction is from 10296 bits/TTI to 1000 bits/TTI, while in the case of technique-2 it is reduced to 4392 bits/TTI. Clearly if the peak rate requirement is already met with 1000 bits/TTI, technique-1 offers the largest saving.
Table 1 Cost saving of peak rate reduction technique-1 & 2 (from [5])
	
	
	Technique -1 
	Technique -2

	Turbo decoding
	5%-15%
	90%
	57%

	HARQ  buffer
	10%-15%
	90%
	57%

	UL processing block
	5%-10%
	81%
	50%


Proposal # 2: Reduction of maximum transport block sizes for DL and UL should be considered as a candidate technique for low-cost MTC. Reduction of maximum transport block sizes for DL and UL (i.e., technique -1) is preferred over restricting the number of PRBs in an assignment/grant (technique-2) because the former offers larger saving.  

Technique-3 restricts the maximum modulation order to reduce MTC cost (3-10% total in [5]). According to [5], the cost reduction comes from 0~20% power amplifier, 0~10% RF transceiver in RF and 30% ADC/DAC, 17%-33% Post-FFT data buffering and 10% UL processing block. There was discussion on these aspects that may require further investigation:

· PA: any cost saving due to QPSK-only in light of current RAN4 MPR for 16/64QAM?
· RF transceiver: any saving from reduced receive EVM? Note that ACS and desense requirements are still the same
· ADC/DAC: Cost saving is not linearly proportional to the number of quantization bit. Further reduction of precision may not have any cost saving once the quantization bits are small. ACS and desense requirements may still dictates the cost. 
· Post-data FFT buffer: Even though the buffer can be reduced in proportional to the quantization bit-length, the additional cost saving to that from reduced bandwidth will be significantly discounted.
Proposal # 3: Restriction to QPSK might not be a preferred technique. Currently estimated cost savings require further investigation. RAN4 expertise and assessment can be requested. 

2.3. Others
Proposal # 4: Cost saving of 15-38% [4] for single receive antenna is significant enough to be considered as a cost saving candidate. 
Proposal # 5: Cost saving of 10-12% [9] by removing PA is sizable, but removing PA will not be able to meet the coverage requirement as defined in the SID, hence reduction of PA power is not preferred as a cost saving technique. 
Proposal # 6: HDD can be considered independently from other techniques as its cost saving (e.g., 4-8% [10] ) is always orthogonal to the saving of other techniques. 
3. Combination of different cost saving techniques
The additional cost saving of a certain technique is particularly useful in understanding the importance of the considered techniques. In order to conduct an accurate analysis, we used the following principles:

· Techniques with cost saving on different components of the cost breakdown can be added together. For example, the cost saving aspects for transmit power reduction and HDD are orthogonal to affected aspects of other techniques, they can be considered as an additional cost saving to the total saving at a final stage.
· For techniques with saving on the same components, if the saving comes from the same factor but to a different degree, the one with the largest saving should dominate (no double counting!). An example is technique-1 and 2 of reduced peak rate technique since both savings are on HARQ buffer and turbo decoding. 
· If the saving comes from different aspects within the same components (e.g., spatial and frequency domain of post-FFT data buffering), the combined saving should be calculated by 1-(1-a)(1-b), where a and b are the two cost savings for that component. Combined saving for that component will be multiplied by the percentage cost of that components among the total cost. 
Based on previous discussion, we remove reduced PA power from further cost analysis. We also single out HDD since its cost saving is always additional if adopted. We also use peak-rate reduction technique (PR-1) as the preferred peak rate reduction technique, in which case there is 10.5%-21% of total saving [5]. We assume the mean (i.e., 15.75%) in our analysis here. The cost breakdown used for combined technique cost analysis is provided in the Appendix.   
In the following table, we focus on cost saving difference when combining reduced peak rate technique-1 with reduced bandwidth (DL-2 &3) and/or single-antenna, since these techniques have some overlap in cost saving. 
 Table 2. Cost saving after technique combination 
	PR-1 (mean from TP)
	DL-2
(23% when not combined)
	DL-3
(21% when not combined)
	Single receive antenna
(average of 26.5% from TP when not combined)
	Cost Saving after combination

	15.75%
	
	
	
	15.75%

	15.75%
	15.3%
	
	
	31.05%

	15.75%
	
	13.8%
	
	29.55%

	15.75%
	
	
	26%
	41.75%

	15.75%
	15.3%
	
	19.2%
	50.25%

	15.75%
	
	13.8%
	20%
	49.55%


Observations: 

· Reduced BW (DL-2 & 3) has cost saving overlapping with peak rate reduction on HARQ buffer and Turbo decoding, so the average cost saving of DL-2 (or DL-3) can reduce by 8% (or 7%) after combining.
· Cost saving difference between DL-2 and DL-3 is only 1.5% when reduced peak rate is also applied. The difference is unchanged with or without single receives antenna technique. 
· Single receive antenna has cost saving overlapping with reduced BW on post-FFT data buffering and receiver processing, so the average cost saving of single receive antenna can reduce by about 6% after combining. But single antenna can still offer 19-26% additional cost saving even when reduced peak rate and reduced bandwidth are both applied.

Detailed explanation of calculation:
· PR-1+ DL-2:
DL-2 savings on HARQ buffer and Turbo decoding are not counted because we assume the savings from PR1 dominate. Additional saving of 94% saving from Post-FFT data buffering (110(6PRBs) and ~50% saving from Receiver processing block are incremental. As a result, compared with PR-1, the additional saving by adding DL-2 is around 15.3% (i.e., [94%×10~15%(from post-FFT data buffering)+50%×20~35%(from Receiver processing block)]×60% (BB) )
· PR-1+DL-3:
Similarly, the additional saving comes from Post-FFT data buffering and Receiver procession block. The additional saving by adding DL-3 is around 13.8% (i.e., a 1.5% difference from PR-1+DL-2).
· PR-1+Single receive antenna:
The savings of PR-1 and Single receive antenna are independent. Therefore, use single receive antenna will bring full single receive antenna saving, which is around additional 26% saving [7] (This is also a near average value in [4]). 
· PR-1+Single receive antenna+DL-2:

Single receive antenna and DL-2 will both have savings on Post-FFT data buffering and Receiver processing block. The combined cost saving should be calculated by 1-(1-a)(1-b). So the combined saving on post-FFT data buffering is 97% (=1-(1-94%)(1-50%)) and on receiver processing 70% (=1-(50%)(1-40%)). As a result, compared with PR-1 only case, there are additional 34.8% cost saving when adding both DL-2 and single receive antenna.
· PR-1+Single receive antenna+DL-3:

Similarly PR-1+Single receive antenna+DL-3 has additional 34.5% saving compared with PR-1 and additional 20% saving compared with PR-1+DL-3.
4. Conclusion
In this contribution, we derived further observations and views on techniques for low-cost MTC. Based on further cost analysis of combined techniques, we see
· Reduced BW (DL-2 & 3) has cost saving overlapping with peak rate reduction on “HARQ buffer” and “Turbo decoding”, so the average cost saving of DL-2 (or DL-3) may reduce by 8% (or 7%) after combining.

· Cost saving difference between DL-2 and DL-3 is only 1.5% when reduced peak rate is also applied. The difference is unchanged with or without single receives antenna technique. 
· Single receive antenna has cost saving overlapping with reduced BW on “post-FFT data buffering” and “receiver processing”, so the average cost saving of single receive antenna can reduce by about 6% after combining. But single antenna can still offer 19-26% additional cost saving even when reduced peak rate and reduced bandwidth are both applied.
Proposal # 1: The cost saving of reduced bandwidth is significant enough to be considered as a cost reduction candidate. Considering the tradeoff between the cost saving and performance impact, DL-2 and DL-3 (in combination with UL-2) should be preferred candidates over DL-1 in combination with UL-1. 
Proposal # 2: Reduction of maximum transport block sizes for DL and UL should be considered as a candidate technique for low-cost MTC. Reduction of maximum transport block sizes for DL and UL (i.e., technique -1) is preferred over restricting the number of PRBs in an assignment/grant (technique-2) because the former offers larger saving.  

Proposal # 3: Restriction to QPSK might not be a preferred technique. Currently estimated cost savings require further investigation. RAN4 expertise and assessment can be requested. 

Proposal # 4: Cost saving of single receive antenna is significant enough to be considered as a cost saving candidate. 

Proposal # 5: Cost saving of 10-12% by removing PA is sizable, but removing PA will not be able to meet the coverage requirement as defined in the SID, hence reduction of PA power is not preferred as a cost saving technique. 

Proposal # 6: HDD can be considered independently from other techniques as its cost saving (e.g., 4-8%) is always orthogonal to other techniques. 
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Appendix: 
Table 3  Cost saving breakdown used for combined cost analysis
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown
(for Evaluation)
	Bandwidth reduction

(R1-120631)
1.4MHz
	Single receive antenna

(R1-121182)
	Peak rate reduction
(R1-120949 TP)
	transmit power reduction
(TP:R1-121183)
	half duplex operation (TP:R1-121184)

	Option
	
	DL-1
UL-1
	DL-2
UL-2
	DL-3
UL-2
	
	PR-1
	PR-2
	PR-3
	
	

	Power amplifier
	25%-30%
	NA
	NA
	NA
	NA
	NA
	NA
	0-20%
	100%
	NA

	Filters
	5%-10%
	NA
	NA
	NA
	50%
	NA
	NA
	NA
	NA
	NA

	RF transceiver
( including LNAs, mixer, and local oscillator)
	40%-50%
	NA
	NA
	NA
	50%
	NA
	NA
	0-10%
	NA
	NA

	Duplexer /Switch
	15%-25%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	70-80%

	Other
	0%-10%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Total of RF
	95%-110%
	0%
	0%
	0%
	28%
	0%
	0%
	0%-6% for UL
0%-5% for DL

0%-11% for both
	25%
	10-20%

	ADC / DAC 
	10%
	94%
	NA
	NA
	50%
	NA
	NA
	30%
	NA
	NA

	FFT/IFFT
	5%
	96%
	NA
	NA
	50%
	NA
	NA
	NA
	NA
	NA

	Post-FFT data buffering
	10%-15%
	94%
	94%
	74%
	50%
	NA
	NA
	17%-33%
	NA
	NA

	Receiver processing block
	20%-35%
	~50%
	~50%
	~50%
	~40%
	NA
	NA
	NA
	NA
	NA

	Turbo decoding
	5%-15%
	~50%
	~50%
	~50%
	NA
	90%
	57%
	NA
	NA
	NA

	HARQ  buffer
	10%-15%
	94%
	94%
	94%
	NA
	90%
	57%
	NA
	NA
	NA

	DL control processing & decoder
	5%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Synchronization / cell search block
	10%-15%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	UL processing block
	5%-10%
	NA
	NA
	NA
	NA
	81%
	50%
	10%
	NA
	NA

	MIMO specific processing blocks
	5%-15%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Other
	0%
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Total of Baseband
	90%-110%
	55%
	38%
	35%
	25%
	4%-8% for UL
13.5%-27% for DL

17.5%-35% for both
	2.5%-5% for UL
8.5%-17% for DL

11%-22% for both
	0.5%-1% for UL
4.5%-8% for DL

5%-9% for both
	0%
	0%

	Total cost savings
	
	33%
	23%
	21%
	26%
	15.75%
	10%
	6.5%
	10-12%
	4-8%

	TP reference 
	
	TP Mean: 39%, 28%, 19%
	TP: 15-38% 
	TP: 10.5-21% 
	TP: 6.5-13.5%
	TP: 3-10%
	TP
	TP


