
3GPP TSG RAN WG1 Meeting #68
R1-120798
Dresden, Germany, 6-10 February 2012
Agenda item:
7.7.1
Source:
IPWireless Inc.
Title:
Cost Analysis of Reduced Bandwidth MTC LTE UEs with Text Proposal
Document for:

Discussion and decision
1 Introduction

Reduction of UE bandwidth has been proposed as a promising method of reducing UE cost for LTE MTC modems: [3] showed that 15 companies had identified bandwidth reduction as a possible approach to reducing LTE MTC modem cost. A companion document discusses how it is possible to support reduced bandwidth UEs within a higher bandwidth carrier while simultaneously supporting legacy Release 8 UEs through the use of a separate control channel region [2]. Although use of a separate control channel region appears to be the most promising method of supporting reduced bandwidth MTC LTE UEs, it is understood that this cost analysis is generally applicable to other methods of supporting reduced bandwidth LTE UEs. 
2 Assumptions

2.1 Reference LTE modem
Table 1 lists the assumptions on the high level features of the reference LTE modem and the cost reduced LTE MTC modem when the LTE MTC modem only implements a reduced bandwidth relative to the reference LTE modem. The features of the reference LTE modem are taken from section 5.3 of TR36.888 [1].
Table 1 – Features of reference and cost reduced LTE modems

	feature
	reference LTE modem
	cost reduced LTE modem

	system bandwidth
	20MHz
	1.4MHz

	UE category
	category 1 (20MHz)
peak DL rate = 10Mbps

peak UL rate = 5Mbps
	category 1 (1.4MHz)
peak DL rate = 4.3Mbps

peak UL rate = 2.3Mbps

	Number of RATs
	single RAT (LTE)
	single RAT (LTE)

	Number of bands
	single band
	single band

	Duplexing mode
	FD-FDD*
	FD-FDD

	Access method from MTC devices to eNB
	direct wide area
	direct wide area


* TR36.888 defines that the reference LTE modem can operate in “[TDD/Full duplex FDD]” modes. While this Tdoc specifically considers FD-FDD modems, it is understood that similar conclusions could be reached for TDD modems.
2.2 Cost breakdown of reference LTE modem
An email discussion on the RAN1 email reflector generated relative cost estimates of the functional blocks within the reference LTE modem. [2] includes a text proposal for TR36.888 based on the values proposed during that email discussion. The cost reduction analysis in this document is based on the relative cost estimates from that text proposal. Table 2 contains the relative cost estimates proposed in [2]: these values are used in this document to calculate the potential cost reduction that can be achieved through reducing the maximum bandwidth that the UE supports.

Table 2 – Estimates of relative costs of functional blocks within reference LTE modem

	Functional block
	relative cost

	Ratio of RF to baseband cost
	40:60

	RF

	Power amplifier
	25%

	Filters
	10%

	RF chains (LNAs, demodulators etc.)
	42.5%

	Duplexer
	22.5%

	Other
	0%

	Total
	100%

	Baseband
	

	FFT
	4.6%

	Channel estimator block
	28.0%

	ADC / DAC
	9.3%

	DL transport channel processing block
	8.1%

	DL control channel processing block
	5.8%

	Subframe buffering
	11.7%

	HARQ memory
	11.7%

	Synchronization / cell search block
	9.3%

	UL processing block
	6.9%

	MIMO specific processing blocks
	4.6%

	Other
	0%

	Total
	100%


3 Analysis of potential cost reduction through reducing system bandwidth

This subsection considers the potential cost saving from reducing the maximum bandwidth of the UE from 20MHz to 1.4MHz.

3.1 RF

The RF cost reduction from bandwidth reduction is not significant.

3.2 Baseband

When the bandwidth is reduced, the cost of the following functional blocks is reduced:

· The FFT size is reduced from a 2048 point FFT to a 128 point FFT. Since the number of FFT operations is proportional to N(log2N, the FFT cost could be reduced to approximately 128(log2128 / 2048log22048 = 4% of that of the reference LTE modem.

· Based on our experience of channel estimator design, the channel estimator block cost is linearly related to the number of reference symbols that the UE is required to channel estimate. Hence the channel estimator cost could be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.

· The ADC / DAC cost is related to sampling rate. The achievable cost reduction will be closely related to the algorithms used in the ADC / DAC. If components within the ADC / DAC can be re-used as the sampling rate is reduced, the silicon area required for the ADC / DAC could scale linearly with the bandwidth, leading to a cost of approximately 1.4 / 20 = 7% of that of the reference LTE modem.

· The DL transport channel processing cost is related to the maximum possible transport block size that can be applied on the DL-SCH. At a bandwidth of 1.4MHz, the maximum transport block size that can be transmitted to the MTC modem is 4392 bits (based on possible transport block size signalling and the available physical resource). The DL transport channel processing cost is linearly related to the transport block size, hence the cost of this functional block can be reduced to 4.4 / 10.0 = 44% of that of the reference LTE modem.

· The HARQ memory requirement is related to the transport block size. Since the maximum transport block size that can be transmitted in a 1.4MHz bandwidth is 4392 bits, the required HARQ memory can be reduced to 4.4 / 10 = 44% of that of the reference LTE modem.

· The DL control channel processing cost is related to the size of the search space. The size of the search space is restricted in a 1.4MHz bandwidth due to the limited amount of available physical resource: it is 50% smaller than the search space of the reference LTE modem. Hence the cost of the DL control channel processing could be reduced to 50% of that of the reference LTE modem. 

· The memory size of the subframe buffer is linearly related to the maximum bandwidth that the UE supports. Hence the subframe buffer cost can be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.

· The UL transport channel processing cost is related to the maximum possible transport block size that can be applied on the UL-SCH. Assuming 2 resource blocks are required for PUCCH transmission, the maximum transport block size that can be transmitted on UL-SCH by an MTC modem is less than 2344 bits (based on possible transport block size signalling and the available physical resource). Assuming UL-SCH processing is significantly more costly than the PUCCH processing cost, the cost of the UL processing functional block is linearly related to the maximum UL-SCH transport block size, hence the cost of this functional block can be reduced to 2.3 / 5 = 46% of that of the reference LTE modem.
· The cost of the MIMO specific processing blocks is related to the bandwidth across which CSI, PMI and RI measurements have to be performed: based on our experience that the most significant UE cost component of MIMO is related to performing measurements. The cost is therefore related to the maximum bandwidth that the UE supports. Hence the cost of the MIMO specific processing blocks could be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.

Table 3 derives an estimate of the cost of an MTC modem implementing a maximum receiver bandwidth of 1.4MHz, relative to the cost of the reference LTE modem.

Table 3 – Relative cost estimate of an MTC modem implementing a maximum receiver bandwidth of 1.4MHz

	Functional block
	Relative cost (reference LTE UE)
	Cost multiplier relative to reference LTE modem
	MTC UE cost

	Ratio of RF to baseband cost
	40:60
	
	

	RF


	Power amplifier
	25%
	100%
	25%

	Filters
	10%
	100%
	10%

	RF chains (LNAs, demodulators etc.)
	42.5%
	100%
	42.5%

	Duplexer
	22.5%
	100%
	22.5%

	Other
	~0%
	-
	0%

	Total
	100%
	
	100%

	Baseband

	FFT
	4.6%
	4%
	0.2%

	Channel estimator block
	28.0%
	1.4 / 20 = 7%
	2%

	ADC / DAC
	9.3%
	1.4 / 20 = 7%
	0.7%

	DL transport channel processing block
	8.1%
	4.4 / 10 = 44%
	3.6%

	DL control channel processing block
	5.8%
	50%
	2.9%

	Subframe buffering
	11.7%
	1.4 / 20 = 7%
	0.8%

	HARQ memory
	11.7%
	4.4 / 10 = 44%
	5.1%

	Synchronisation / cell search block
	9.3%
	100%
	9.3%

	UL processing block
	6.9%
	2.3 / 5 = 46%
	3.2%

	MIMO specific processing blocks
	4.6%
	1.4 / 20 = 7%
	0.3%

	Other
	~0%
	-
	0%

	Total
	100%
	
	28.1%

	Overall relative cost

	Total
	100 ( 40 + 28.1 ( 60
	56.9%


Table 3 indicates that the cost of an LTE MTC modem could be reduced to 56.9% of the cost of the reference LTE modem through reducing the maximum system bandwidth alone. This cost reduction is achieved through reduction of the cost of the baseband processing functional blocks in the modem.
4 Conclusions

This document shows that it would be feasible to reduce the cost of an LTE MTC modem to 56.9% of the cost of the reference LTE modem by reducing the maximum bandwidth that the LTE MTC modem is required to decode. 

It is proposed to capture the complexity analysis provided in this document in TR36.888 [1]. A text proposal is provided in section 6.
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6 Text Proposal

This section contains a text proposal for section 6.2.3 of TR36.888. The text proposal contains a complexity analysis for the cost reduction that could be achieved through reducing the maximum operation bandwidth of the LTE MTC modem.
<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>

6.2.3
Analysis/evaluation of cost reduction 
This subsection considers the potential cost saving from reducing the maximum bandwidth of the UE from 20MHz to 1.4MHz.

The RF cost reduction from bandwidth reduction is not significant.

When the bandwidth is reduced, the cost of the following functional blocks is reduced:

· The FFT size is reduced from a 2048 point FFT to a 128 point FFT. Since the number of FFT operations is proportional to N(log2N, the FFT cost could be reduced to approximately 128(log2128 / 2048log22048 = 4% of that of the reference LTE modem.

· The channel estimator block cost is linearly related to the number of reference symbols that the UE is required to channel estimate. Hence the channel estimator cost could be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.

· The ADC / DAC cost is related to sampling rate. The achievable cost reduction will be closely related to the algorithms used in the ADC / DAC. If components within the ADC / DAC can be re-used as the sampling rate is reduced, the silicon area required for the ADC / DAC could scale linearly with the bandwidth, leading to a cost of approximately 1.4 / 20 = 7% of that of the reference LTE modem.
· The DL transport channel processing cost is related to the maximum possible transport block size that can be applied on the DL-SCH. At a bandwidth of 1.4MHz, the maximum transport block size that can be transmitted to the MTC modem is 4392 bits. The DL transport channel processing cost is linearly related to the transport block size, hence the cost of this functional block can be reduced to 4.4 / 10.0 = 44% of that of the reference LTE modem.

· The HARQ memory requirement is related to the transport block size. Since the maximum transport block size that can be transmitted in a 1.4MHz bandwidth is 4392 bits, the required HARQ memory can be reduced to 4.4 / 10 = 44% of that of the reference LTE modem.
· The DL control channel processing cost is related to the size of the search space. The size of the search space is restricted in a 1.4MHz bandwidth due to the limited amount of available physical resource: it is 50% smaller than the search space of the reference LTE modem. Hence the cost of the DL control channel processing could be reduced to 50% of that of the reference LTE modem. 

· The memory size of the subframe buffer is linearly related to the maximum bandwidth that the UE supports. Hence the subframe buffer cost can be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.
· The UL transport channel processing cost is related to the maximum possible transport block size that can be applied on the UL-SCH (less than 2304 bits). Assuming UL-SCH processing is significantly more costly than the PUCCH processing cost, the cost of the UL processing functional block is linearly related to the maximum UL-SCH transport block size, hence the cost of this functional block can be reduced to 2.3 / 5 = 46% of that of the reference LTE modem.
· The cost of the MIMO specific processing blocks is related to the bandwidth across which CSI, PMI and RI measurements have to be performed. The cost is therefore related to the maximum bandwidth that the UE supports. Hence the cost of the MIMO specific processing blocks could be reduced to 1.4 / 20 = 7% of that of the reference LTE modem.

Table 6.2.3-1 derives an estimate of the cost of an MTC modem implementing a maximum receiver bandwidth of 1.4MHz, relative to the cost of the reference LTE modem.

Table 6.2.3-1 – Relative cost estimate of an MTC modem implementing a maximum receiver bandwidth of 1.4MHz
	Functional block
	Relative cost (reference LTE UE)
	Cost multiplier relative to reference LTE modem
	MTC UE cost

	Ratio of RF to baseband cost
	40:60
	
	

	RF


	Power amplifier
	25%
	100%
	25%

	Filters
	10%
	100%
	10%

	RF chains (LNAs, demodulators etc.)
	42.5%
	100%
	42.5%

	Duplexer
	22.5%
	100%
	22.5%

	Other
	~0%
	-
	0%

	Total
	100%
	
	100%

	Baseband

	FFT
	4.6%
	4%
	0.2%

	Channel estimator block
	28.0%
	1.4 / 20 = 7%
	2%

	ADC / DAC
	9.3%
	1.4 / 20 = 7%
	0.7%

	DL transport channel processing block
	8.1%
	4.4 / 10 = 44%
	3.6%

	DL control channel processing block
	5.8%
	50%
	2.9%

	Subframe buffering
	11.7%
	1.4 / 20 = 7%
	0.8%

	HARQ memory
	11.7%
	4.4 / 10 = 44%
	5.1%

	Synchronisation / cell search block
	9.3%
	100%
	9.3%

	UL processing block
	6.9%
	2.3 / 5 = 46%
	3.2%

	MIMO specific processing blocks
	4.6%
	1.4 / 20 = 7%
	0.3%

	Other
	~0%
	-
	0%

	Total
	100%
	
	28.1%

	Overall relative cost

	Total
	100 ( 40 + 28.1 ( 60
	56.9%


Table 6.2.3-1 indicates that the cost of an LTE MTC modem could be reduced to 56.9% of the cost of the reference LTE modem through reducing the maximum operation bandwidth of the LTE MTC modem. This cost reduction is achieved through reduction of the cost of the baseband processing functional blocks in the modem.
<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>











































