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1. Introduction
The content for following section 5.3 of the TR36.888 [1] is still being developed with the skeleton outline as follows: 
[bookmark: _Toc307815315]5.3 	Cost drivers of reference LTE modem
[Editor’s Note: This sub-clause lists the major cost contributors in an LTE UE specifically RF and baseband. A possible representation is a relative cost in a scale of 1 to 10]  

But the cost analysis in evaluation methodology has been agreed as follows [2]: 
The cost drivers are broadly categorized into two parts, RF components and processing, which may need different analysis methodology. The ADC/DAC and L2/L3 protocol support are included within the processing category. The cost analysis methodology should identify the percentage cost of each of the two parts, and, for each cost reduction technique, the relative percentage cost reduction to that of the reference LTE modem.
The cost drivers should be used to help the cost analysis, in terms of calculating the relative percentage cost reduction for each cost reduction techniques which are identified as in [3] and to be included in Section 6 of the TR:
· Reduction of maximum bandwidth
· Single receive RF chain
· Reduction of peak rate
· Reduction of transmit power
· Half duplex operation
This contribution provides our view and proposal for cost drivers and how they should be accounted for in cost analysis.
2. [bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK31][bookmark: OLE_LINK32]Cost Driver Breakdown 
Note the agreement of “The cost drivers are broadly categorized into two parts, RF components and processing, which may need different analysis methodology. The ADC/DAC and L2/L3 protocol support are included within the processing category”, a cost driver breakdown along the line of RF and baseband is needed. 
Proposal:
· Cost drivers breakdown should serve the purpose of conducting a quantitative analysis of percentage cost saving for different proposed techniques, so that the significance of each technique can be understood more clearly. 
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK52][bookmark: OLE_LINK53]The cost drivers are being discussed in the email reflector. Our cost breakdown in comparison with others is captured in the table below:
	Functional block
	IPWireless
	Huawei
	Proposed Breakdown
	MediaTek
	description

	Ratio of RF to baseband cost
	40:60
	40:60
	Same term
	40:60
	

	RF

	Power amplifier
	25%
	25%
	same term
	25-30%
	

	Filters
	10%
	10%
	same term
	5-10%
	

	RF chains (LNAs, demodulators etc.)
	40%
	45%
	RF transceiver
	~50%
	“RF transceiver” is a more commonly used term that including LNAs, mixer, and local oscillator.

	Duplexer
	25%
	20%
	same term
	15-20%
	

	Other
	~0%
	~0%
	same term
	
	

	Total
	100%
	100%
	
	95%~110%
	

	Baseband processing

	ADC / DAC
	10%
	~10%
	ADC/DAC & digital front-end
	15-20% 
	A/D conversion & baseband filtering before FFT (both depends on sampling rate)

	FFT
	5%
	~5%
	FFT/IFFT 
	~5% 
	

	Subframe buffering
	15%
	~10%
	Post-FFT data buffering
	10-15%
	

	Channel estimator block
	35%
	~25%
	Receiver processing & demod (CE & LLR computation)
	~20%
	Combined CE and Rx processing (for LLR), because both complexity closely depends on # of REs to be processed. 

	DL transport channel processing block
	5%
	10%~15%
	Turbo decoding
	~10%
	Turbo decoding only, since LLR computation is part of Rx demod processing

	HARQ memory
	15%
	~10%
	HARQ buffer
	~10%
	

	DL control channel processing block
	5%
	5%~10%
	DL control processing & decoder
	~5%
	Convolution decoding & rate matching

	Synchronization / cell search block
	10%
	~10%
	same term
	10-15%
	

	UL transport channel processing block
	<5%
	~10%
	UL processing
	~5%
	UL IFFT is included in FFT/IFFT

	MIMO specific processing blocks
	<5%
	~5%
	remove
	
	Include in “receiver processing & demod”

	Other
	~0%
	
	Same term
	~10%
	

	Total
	100-110%
	100~110%
	
	100%~115%
	




We notice that 
· RF functional blocks are aligned among several companies. The percentage cost is also reasonably aligned, with RF transceiver block being a little different.
· Baseband processing functional division & grouping still has some difference. It seems to be worthwhile to list functional blocks whose cost will likely scale with bandwidth (i.e., sampling rate) or data rate, thus the cost reduction due to change in bandwidth support and/or data rate can be accounted for more clearly. 
As to how to capture the importance/degree/extent of cost contribution, we prefer to use percentage cost of the overall total RF+BB cost. For example, 50% reduction in RF will translate into 50%x40%=20% of total cost (assuming RF is 40% of overall). Another aspect that is worthwhile to note is that the percentage cost reduction of each technique contributes in a multiplicative fashion to overall saving, because each percentage saving is with respect to the cost of the same reference modem. For example, if technique #1&2 provides 20% and 10% of cost saving, respectively, when both are applied, they contribute to 1-(1-20%)(1-10%)=18%  of cost saving in combination. Therefore it is important to not to doubt count any common saving factor. For example, BW reduction can results in HARQ buffer reduction. Peak data rate reduction also reduces the HARQ buffer.    
Proposal:
· List the cost factors according to functional blocks, using a percentage cost value, with respect to RF or baseband. 
· It is worthwhile to list functional blocks whose cost will likely scale with bandwidth (i.e., sampling rate) or data rate, thus the cost reduction due to change in bandwidth support and/or data rate can be accounted for more clearly
· In order to understand the overall contribution to cost reduction of each technique, especially in combination with other cost reduction techniques, it should be noted that the relative percentage savings are multiplicative in effect.    
3. Text Proposal 
5.3 	Cost drivers of reference LTE modem

--------------------------Start------------------------------------
Cost drivers breakdown in this section is used to conduct quantitative cost analysis for different proposed techniques. The cost drivers are listed according to functional blocks, each with a percentage cost value with respect to RF or baseband portion. Whenever possible, functional blocks whose cost will likely scale with bandwidth (i.e., sampling rate) or data rate are listed separately, thus the cost reduction due to change in bandwidth support and/or data rate can be accounted for more easily in overall cost saving analysis. In order to understand the overall contribution to cost reduction from a technique, especially in combination with other cost reduction techniques, it should be noted that the relative percentage savings of each different technique are multiplicative.      
[Insert the table of agreed cost breakdown, with percentage cost and description of included components.]
--------------------------end--------------------------------------
[Editor’s Note: This sub-clause lists the major cost contributors in an LTE UE specifically RF and baseband. A possible representation is a relative cost in a scale of 1 to 10]  

4. Conclusion 
This contribution shares our view and proposal for cost drivers and how they should be accounted for in cost analysis: 
· Cost drivers breakdown should serve the purpose of conducting a quantitative analysis of overall cost saving for different proposed techniques, so that the effectiveness of each technique can be understood more clearly. 
· [bookmark: _Ref251049932]List the cost factors according to functional blocks, using a percentage cost value, with respect to RF or baseband. 
· It is worthwhile to list functional blocks whose cost will likely scale with bandwidth (i.e., sampling rate) or data rate, thus the cost reduction due to change in bandwidth support and/or data rate can be accounted for more clearly
· In order to understand the overall contribution to cost reduction of each technique, especially in combination with other cost reduction techniques, it should be noted that the relative percentage savings are multiplicative in effect.  
Possible text proposal for section 5.3 is also provided.   
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