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1 Introduction

The document provides a Text Proposal for inclusion in TR 36.888 [1] on the technique of reduction in transmit power for low cost MTC UEs. The following contributions to RAN1#68 and RAN1#68bis have been used in preparation of this Text Proposal, together with comments made during discussion at RAN1#68bis.
Contributions made to RAN1#68:

· R1-120054 “Transmission power reduction for low cost MTC UE and text proposal”. Huawei, HiSilicon. [2].

· R1-120215 “Evaluation/analysis of reduction of transmit power for low-cost MTC”. Ericsson, ST-Ericsson. [3].

· R1-120293 “TP for evaluation/analysis of reduction of transmit power”. ZTE Corporation. [4].

· R1-120566 “Impact of maximum power reduction on MTC”. Qualcomm Inc. [5].

· R1-120634 “Analysis of reduction in transmit power”. MediaTek Inc. [6].

· R1-120739 “Analysis of reduction of transmit power for low-cost MTC UE”. Nokia Siemens Networks, Nokia. [7].

· R1-120800 “A discussion and text proposal for reduced transmit power in MTC networks”. IPWireless Inc. [8].

· R1-120824 “Cost Analysis of Reduced Transmit Power MTC LTE UEs with Text Proposal”. IPWireless Inc. [9].
Contributions made to RAN1#68bis:

· R1-121002 “Transmission power reduction for low cost MTC UE and text proposal” Huawei, HiSilicon, China Unicom. [10].
· R1-121134 “Evaluation/analysis of reduction of transmit power for low-cost MTC” Ericsson, ST-Ericsson. [11].
· R1-121068 “Evaluation/analysis of reduction of transmit power and Text proposal” ZTE. [12].
· R1-121183 “Analysis of reduction in transmit power” MediaTek. [13].
· R1-121292 “Analysis of reduction of transmit power for low-cost MTC UE” Nokia Siemens Networks, Nokia. [14].
· R1-121108 “Analysis on reduction of transmit power for low-cost MTC LTE UEs” CATT. [15].
· R1-121256 “On reduction of maximum transmit power for low-cost MTC UEs” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell. [16].
· R1-121528 “Performance analysis of reduction of transmit power strategy for low-cost MTC UEs” Intel Corporation. [17].
· R1-121509 “Evaluation of reduction of transmit power for low cost MTC LTE UEs” MStar Semiconductor Inc. [18].
2 Text Proposal
This section provides the text proposal.
~ ~ ~  START OF TEXT PROPOSAL  ~ ~ ~

6.5 Reduction of transmit power
6.5.1
Description

Reducing the output power or completely removing the power amplifier stage of an MTC UE is expected to provide cost savings. A reduction in transmit power adversely impacts uplink coverage performance and spectral efficiency. Power consumption will be affected and there will be an impact on specifications. By simply removing the final power amplifier stage, a device’s output power is likely to be reduced to the range of 0dBm to +5dBm. Additional chip redesign may allow for a significantly higher output power (exactly how high is FFS).
6.5.2
Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage (relative to normal LTE UEs)
	Yes

	Minimum Data rate
	No

	Power consumption
	Yes

	Impact to non-MTC UE
	No

	eNB Hardware impact
	No

	Impact on specification
	Yes

	Cell spectral efficiency
	Yes


6.5.2.1
Coverage analysis

Reducing the transmit power of a device has a direct impact on the uplink link budget, reducing the uplink coverage of the device compared to a higher transmit power device, meaning coverage requirements cannot be met assuming direct downlink and uplink wide area network access from MTC devices to eNBs. All uplink physical channels will be similarly affected, further contributing to a downlink/uplink link budget imbalance. For example, with the COST231-Hata model, the cell radius reduces 78.2% if the PA is removed and the UE output power is of the order of 0 dBm. Depending on the amount of transmit power reduction, the coverage may be worse than for GSM/EGPRS.
6.5.2.2
Power consumption

Reducing the transmit power may result in a reduction in the device power consumption. State of the art power amplifier devices include self-bias functions that reduce the DC power consumption as the transmit power reduces, however once the power amplifier reaches its minimum bias level, further reductions in transmit power will not result in further reductions in DC power consumption. In order to achieve further reductions in DC power consumption, the removal of the power amplifier can be considered.
For the case of reduced UE transmit power, a reduced MCS would be required in an attempt to restore the uplink link budget, however this would increase the UE transmit duty cycle thus potentially increasing power consumption. Furthermore any schemes used in an effort to restore the uplink link budget may in themselves contribute to an increase in power consumption in the UE.
6.5.2.3
Impact on specification

The reduction of UE transmit power would require the creation of a single or multiple new UE power class(es) with additional definition of related requirements such as MPR and A-MPR levels. This would have impacts on TSG RAN WG4 specifications. It would also be necessary to ensure that existing RF requirements are met.
Restoring uplink coverage would require analysis and support in TSG RAN WG1 and TSG RAN WG2. Unless sufficient uplink coverage can be restored through protocol changes then improved performance requirements for the eNB and/or the UE will need to be considered in TSG RAN WG4.
6.5.2.4
Cell spectral efficiency

If the transmit power for MTC UEs is reduced, lower uplink MCSs have to be used in order to retain LTE uplink coverage. However lower uplink MCSs cause uplink cell spectral efficiency reduction. Furthermore, a reduced transmit power may limit the transmission of UCI thus affecting the downlink cell spectral efficiency. Low cost MTC UEs with a reduced transmit power are unlikely to meet the spectral efficiency requirement stated in section 5.1.
The estimated uplink spectral efficiency reduction provided by the sourcing companies is summarized in Table 6.5.2.4.1.
Table 6.5.2.4.1 Uplink spectral efficiency reduction estimation for reduction of transmit power
	Maximum Transmit power
	Spectral efficiency calculation
	Source 1

(see note 1)
	Source 2

(see note 2)
	Source 3

(see note 3)

	17dBm
	Cell
	
	
	5% (3GPP Case 1)

65% (3GPP Case 3)

	
	Cell-edge
	
	
	

	10dBm
	Cell
	19% (3GPP Case 1)
	18% (3GPP Case 1)

60% (3GPP Case 3)
	

	
	Cell-edge
	85% (3GPP Case 1)
	86% (3GPP Case 1)

100% (3GPP Case 3)
	

	0dBm
	Cell
	59% (3GPP Case 1)
	
	

	
	Cell-edge
	98% (3GPP Case 1)
	
	


NOTE 1: Analysis assumes TDD in 10MHz with 8 receive antennas at the eNB. Full buffer traffic model
NOTE 2: Analysis assumes FDD in 10MHz with 4 receive antennas at the eNB. Full buffer traffic model

NOTE 3: Analysis assumes FDD in 5MHz with 2 receive antennas at the eNB. Regular reporting traffic model (Annex A.1)
6.5.3
Analysis/evaluation of cost reduction

The estimated cost savings provided by the sourcing companies are summarized in Table 6.5.3.1. The power amplifier accounts for 25-30% of the cost of the RF module of the reference LTE modem with the RF functional block accounting for 40% of the total cost of the modem. Removal of the power amplifier will result in a 10-12% overall relative cost saving and an output power in the order of 0dBm. A lower saving is seen when the power amplifier is retained but there is a reduction in output power and relaxation in linearity: in this case the saving amounts to 2-7%.

Table 6.5.3.1 Relative cost saving estimation for a reduction of transmit power
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Source 1
	Source 2
	Source 3
	Source 4
	Source 5
	Source 6
	Source 7
	Source 8

	Transmit power reduction scheme
	
	Maximum transmit power = 10dBm
	Remove the power amplifier: Maximum transmit power = 0dBm
	Remove the power amplifier
	Remove the power amplifier
	Remove the power amplifier
	Reduction in output power and relaxation in linearity
	Remove the power amplifier
	Reduction in output power and relaxation in linearity

	RF
	
	
	
	
	
	
	
	
	

	Power amplifier
	25%-30%
	50%
	100%
	
	100%
	100%
	
	100%
	30%

	Filters
	5%-10%
	NA
	NA
	
	
	NA
	
	
	

	RF transceiver

( including LNAs, mixer, and local oscillator)
	40%-50%
	NA
	NA
	
	
	NA
	
	
	15%

	Duplexer /Switch
	15%-25%
	NA
	NA
	
	
	NA
	
	
	

	Other
	0%-10%
	NA
	NA
	
	
	NA
	
	
	

	Total of RF
	95%-110%
	12.5-15%
	25-30%
	30%
	25%
	25%
	5%
	13%
	13.5-16.5%

	Baseband
	
	
	
	
	
	NA
	
	
	

	ADC / DAC 
	10%
	NA
	NA
	
	
	NA
	
	
	

	FFT/IFFT
	5%
	NA
	NA
	
	
	NA
	
	
	

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

	Receiver processing block
	20%-35%
	NA
	NA
	
	
	NA
	
	
	

	Turbo decoding
	5%-15%
	NA
	NA
	
	
	NA
	
	
	

	HARQ  buffer
	10%-15%
	NA
	NA
	
	
	NA
	
	
	

	DL control processing & decoder
	5%
	NA
	NA
	
	
	NA
	
	
	

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

	UL processing block
	5%-10%
	NA
	NA
	
	
	NA
	
	
	

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

	Other
	0%
	NA
	NA
	
	
	NA
	
	
	

	Total of Baseband
	90%-110%
	0%
	0%
	0%
	0%
	0%
	0%
	0%
	0%

	Overall relative cost savings
	
	5-6%
	10-12%
	11%
	10%
	10-12%
	2%
	5%
	5-7%


~ ~ ~  END OF TEXT PROPOSAL  ~ ~ ~

3 References

[1]
3GPP TR 36.888 “Study on provision of low-cost MTC UEs based on LTE”.

[2]
R1-120054 “Transmission power reduction for low cost MTC UE and text proposal”. Huawei, HiSilicon. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[3]
R1-120215 “Evaluation/analysis of reduction of transmit power for low-cost MTC”. Ericsson, ST-Ericsson. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[4]
R1-120293 “TP for evaluation/analysis of reduction of transmit power”. ZTE Corporation. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[5]
R1-120566 “Impact of maximum power reduction on MTC”. Qualcomm Inc. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[6]
R1-120634 “Analysis of reduction in transmit power”. MediaTek Inc. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[7]
R1-120739 “Analysis of reduction of transmit power for low-cost MTC UE”. Nokia Siemens Networks, Nokia. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[8]
R1-120800 “A discussion and text proposal for reduced transmit power in MTC networks”. IPWireless Inc. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[9]
R1-120824 “Cost Analysis of Reduced Transmit Power MTC LTE UEs with Text Proposal”. IPWireless Inc. TSG RAN WG1 #68. Dresden, Germany, February 2012.

[10]
R1-121002 “Transmission power reduction for low cost MTC UE and text proposal” Huawei, HiSilicon, China Unicom. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[11]
R1-121134 “Evaluation/analysis of reduction of transmit power for low-cost MTC” Ericsson, ST-Ericsson. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[12]
R1-121068 “Evaluation/analysis of reduction of transmit power and Text proposal” ZTE. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[13]
R1-121183 “Analysis of reduction in transmit power” MediaTek. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[14]
R1-121292 “Analysis of reduction of transmit power for low-cost MTC UE” Nokia Siemens Networks, Nokia. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[15]
R1-121108 “Analysis on reduction of transmit power for low-cost MTC LTE UEs” CATT. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[16]
R1-121256 “On reduction of maximum transmit power for low-cost MTC UEs” Alcatel-Lucent, Alcatel-Lucent Shanghai Bell. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[17]
R1-121528 “Performance analysis of reduction of transmit power strategy for low-cost MTC UEs” Intel Corporation. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.

[18]
R1-121509 “Evaluation of reduction of transmit power for low cost MTC LTE UEs” MStar Semiconductor Inc. TSG RAN WG1 #68bis. Jeju, Korea, March 2012.
