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Discussion/Decision
1 Introduction
It was agreed during RAN1#67 it was proposed to start an Email discussion until RAN1#68 on contents of Section 5.3 of 3GPP TR 36.888.  Sub-clause 5.3 of 3GPP TR 36.888 was to capture major cost contributors in an LTE UE specifically RF and baseband. Below is summarised the discussion over 3GPP RAN WG1 e-mail reflector and proposal.
The discussion was initiated over the reflector to discuss below two aspects

1. Major cost drivers for reference LTE modem (UE category 1

2. How to capture the importance/degree/extent of cost contribution and proposed values
ASIC

application-specific integrated circuit
ASSPs

Application-specific standard products
2 E-mail discussion summary
A) Major cost drivers for reference LTE modem (UE category 1
Overall there is alignment of cost distribution with some misalignment due to different grouping consideration of units within the functional block.

IPWireless provided the framework and the list of functional blocks from R1-113776 and R1-114244. Further refinements to functional blocks were provided by Mediatek. Cost breakdown for reference LTE modem is captured in the Annex.
On Cost split for reference LTE modem

· [Samsung] Baseband cost measure is the resource occupied on chip and some of the blocks expressed  cannot be separated and has been represented as consolidated cost
· [CATT] Provided analysis of fractional cost for TDD and hence the cost of duplexer  was replaced by switch.
· [Mediatek] 

a) Further discussion required on cost split between “ADC/DAC” & “digital front-end cost” 

b) MIMO specific processing is included in “receiver processing & demod”
B) How to capture the importance/degree/extent of cost contribution and proposed values

IPWireless considered 3 options to capture relative importance of cost contribution a) An ordinal list of cost contributions b)  Cost ranking relative to most significant cost contributor  and c) Fractional cost contribution
a. [IPWireless, Sony EU, Huawei, Mediatek, Samsung,CATT] Individual cost contributors are listed as the fraction of the device cost
· How to perform cost estimation where the gains for cost reduction spans over multiple cost reduction techniques.(E.g. such as HARQ memory saving from either reducing peak data rate or reducing bandwidth) as it is not equal to the (weighted) sum of cost saving from each approach
· [MideaTek/IPW/LGE] Whilst most of the cost analysis techniques relative percentage savings are multiplicative in effect some specific techniques when cost reduction effect an overlapping functional block the gains may not be multiplicative.

· [LGE] Either a) Exclude one of the techniques from analysis/estimation i.e. analysed individually Or b) Evaluate incremental gains 

C) Miscellaneous
· - On Cost estimation/analysis assumptions
· [Fujitsu] 
· Preferred assuming LSI ASIC/ASSP over FPGA for cost estimation.
· Consider SoC architecture for both ASIC/ASSP and BB/RF/PMM cost estimation.

· ADC/DAC should assume 10bit and limit MTC UE to 16QAM

· Bandwidth reduction may impact overall MTC system ability to poll all MTC customers in the coverage area, following an outage, within a limited amount of time
3 Proposal

· Proposal 1: 
· Cost reduction estimation should be provided for individual technique. 
· Additional estimation of incremental cost reduction or total cost reduction may be required if techniques impacting same functional block are identified.
· Proposal 2: Agree to capture Table In Annex of current contribution for cost breakdown for reference LTE modem in subcluase 5.3 of 3GPP TR 36.888 with anonymity for the company names.
· Proposal 3: 
· Fractional cost is estimated i.e. Individual cost contributors are listed as the fraction (%) of the device cost. 
4 Annex
	Functional block
	IPWireless
	Huawei (HW)
	Ericsson (E///)
	MediaTek

(MTK)
	CATT
	Samsung
	MStar
	Sony Europe
	LGE
	Recommended (for evaluation)
	Comments

	Ratio of RF to baseband cost
	40:60
	40:60
	40:60
	40:60
	40:60
	40:60
	50:50
	30:70
	45:55
	40:60
	

	
	RF

	Power amplifier
	25%
	25%
	30%
	25-30%
	25-30%
	10-15%
	15%
	25%
	20%
	25-30%
	

	Filters
	10%
	10%
	10%
	5-10%
	5-10%
	(included in RF chain)
	10%
	10%
	(include in RF chain)
	5-10%
	

	RF transceiver
( including LNAs, mixer, and local oscillator)
	40%
	45%
	35%
	~50%
	50-55%
	50%

(includes local oscillator, mixer, filter, LNA)
	40%
	45%
	50%

.
	40-50%
	[HW] Including LNAs, mixer, and local oscillator.



	Duplexer
	25%
	20%
	25%
	15-20%
	15% (switch)
	30%
	15%
	20%
	20%
	15-25%
	[HW]  In general, duplexer is cheaper than PA.

	Other
	~0%
	~0%
	0%
	
	
	5-10%
	20%
	0%
	10%
	0-10%
	[Mstar] Antenna Cost

	Total
	100%
	100%
	100%
	95%~110%
	95%-110%
	95-105%
	100%
	100%
	100%
	95% - 110%
	


	Functional block
	IPWireless
	Huawei (HW)
	Ericsson (E///)
	MediaTek

(MTK)
	CATT
	Samsung
	MStar
	Sony Europe
	LGE
	Recommended (for evaluation)
	Comments

	
	Baseband

	ADC / DAC & digital front-end
	10%
	~10%
	10%
	15-20%
	10%
	NA
	15%
	10%
	NA
	10%
	[HW]  1Tx/2Rx, Cat-1UE, 20MHz bandwidth.

[MTek]  A/D conversion & baseband filtering before FFT (both depends on sampling rate). Can be separated into two lines.

	FFT/IFFT
	5%
	~5%
	10%
	~5%
	~5%
	NA
	5%
	5%
	5-10%
	5%
	

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

	Channel estimator block Receiver processing block
	35%
	~25%
	30%
	~20%
	~20%
	40-45%

(includes subframe buffering)
	20%
	35%
	35% (including subframe buffering)
.
	20-35%
	[HW]  Including CSI measurement and channel estimation.

[MTek] Combined CE and Rx processing (for LLR), because both complexity closely depends on # of REs to be processed

	DL transport channel processing block Turbo decoding
	5%
	10%~15%
	10%
	~10%
	10%~15%
	NA
	10%
	5%
	5%~10%
	5-15%
	[HW]  Including turbo decoding and demodulation

[MTek] Turbo decoding only, since LLR computation is part of Rx demod processing

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


	Functional block
	IPWireless
	Huawei (HW)
	Ericsson (E///)
	MediaTek

(MTK)
	CATT
	Samsung
	Mstar
	Sony Europe
	LGE
	Recommended (for evaluation)
	Comments

	
	Baseband

	DL control channel processing & decoder block
	5%
	5%~10%
	5%
	~5%
	5%
	NA
	5%
	5%
	~5%
	5%
	[HW]  Including convolution decoding and demodulation

[MTek] Convolution decoding & rate matching



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

	UL transport channel processing block
	<5%
	~10%
	10%
	~5%
	<5%
	NA
	10%
	5%
	15%
	5-10%
	[HW] UL processing includes all uplink processing, e.g. PUCCH,PUSCH,PRACH etc

[MTek] UL IFFT is included in FFT/IFFT

	MIMO specific processing blocks
	<5%
	~5%
	0%
	
	NA
	10-15%
	5%
	0%
	~10%
	5-15%
	[MTek] Suggested this be removed as is included in  “receiver processing & demod”

	Other
	~0%
	
	0%
	~10%
	NA
	20-25%

(includes ADC/DAC, FFT/IFFT, etc.)
	
	0%
	NA
	0%
	

	Total
	100-110%
	100~110%
	105%
	100%~115%
	95%-105%
	90-110%
	
	100%
	100-110%
	90-110%
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