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1 Introduction
At the previous RAN1 meeting, the reduction of transmit power as a potential technique for cost saving was captured in [1] and agreed.
This contribution presents a further analysis with respect to transmit power reduction including analysis of cost reduction and performance against requirements.
2 Discussion on reduction of transmit power
Reducing the transmit power for MTC UE could contribute to limited cost reduction, at the same time this candidate brings impacts on performance including coverage, power consumption, cell spectral efficiency and specification.
2.1 Analysis/evaluation of cost reduction
The maximum transmit power reduction for MTC UE from 23dBm to 10dBm [2] may reduce the cost of RF components.
2.2 Coverage analysis
Reducing transmit power for MTC UE will result in worse uplink coverage. The comparison between LTE system coverage for normal LTE UE with 23dBm transmit power and that for MTC UE with 10dBm transmit power is illustrated below, which is based on the link budget in [3].
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Figure 1. Coverage comparison in FDD LTE system at 900MHz.
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Figure 2. Coverage comparison in TDD LTE system at 2600MHz.
From these figures, we can see that reducing the maximum transmit power from 23dBm to 10dBm causes about 60% degradation of system coverage in both FDD LTE system at 900MHz and TDD LTE system at 2600MHz.
So, MTC UE with reduced maximum transmit power cannot meet the coverage requirement in [4]. 
2.3 Power consumption
RF power consumption mainly depends on power amplifier (PA) power consumption, and PA power consumption is given by 
PA power consumption
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where T is the time during which PA power consumption is calculated, 
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 is the PA maximum transmit power and 
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is the PA efficiency.
Considering 
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is fixed if MTC UE transmit power is reduced from 23dBm (200mW) to 10dBm (10mW), then RF power consumption would have about a factor of 20 reduction. 

Device power consumption is a function of many factors, and depends on device implementation. Hence, the amount of power consumption reduction resulting from UE transmit power reduction of each product may be different.

2.4 Cell spectral efficiency
If the transmit power for MTC UE is reduced, lower uplink MCS (modulation and coding scheme) has to be used in order to keep the same LTE uplink coverage as normal LTE UE. However, lower uplink MCS causes uplink cell spectral efficiency reduction. 
MTC UE with reduced maximum transmit power cannot meet the spectral efficiency requirement in [4].
2.5 Impact on specification
Reduction of transmit power will impact on the RAN4 specification for UE transmit power. 

All characteristic values related to UE transmit power in 3GPP 36.101 were evaluated assuming that the UE transmit power is 23dBm. If UE transmit power is reduced to another value such as 10dBm, a large number of evaluations is needed for the characteristic values in RAN4.
3 Conclusion
In this contribution, the effects of reducing UE transmit power are examined for cost reduction and performance, and we have the following proposal:
Proposal 1: Reduction of transmit power is not recommended because it brings worse coverage and cell spectral efficiency, and has significant impacts on RAN4 specification.
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----------------------------------Text Proposal to TR 36.888--------------------------------------

---------------------------------------------Start text proposal----------------------------------------------------------

6.5 
Reduction of transmit power
6.5.1 Description
Reduction of transmit power for MTC UE may have limited cost reduction. However, the reduction impacts performance including coverage, power consumption, cell spectral efficiency and specification.
6.5.2 Analysis/evaluation of performance against requirements
	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	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


[Editor’s Note: Whilst the Low cost MTC UE based on LTE is required to meet all the requirements, a particular requirement may not be applicable to an identified technique. Evaluation/analysis of impact (positive/negative) to be provided below for only for the requirement’s that has an impact (indicated by “Yes” above in the table). Below shown are example placeholders for some analysis/evaluation of some of the requirements]
6.5.2.1 Coverage analysis

The LTE system coverage with reduced transmit power for MTC UE has significant degradation compared with the coverage defined for normal LTE UE. Low cost MTC UE with reduced transmit power cannot meet the coverage requirement.
6.5.2.2 Power consumption
Considering that RF power consumption is mainly a function of the PA transmit power, if the transmit power for MTC UE is reduced, RF power consumption may be reduced proportionally.

Device power consumption is a function of many factors, and depends on device implementation. Hence, the amount of power consumption reduction resulting from UE transmit power reduction of each product may be different.
6.5.2.3 Cell spectral efficiency

If the transmit power for MTC UE is reduced, lower uplink MCS (modulation and coding scheme) has to be used in order to keep the same LTE uplink coverage as normal LTE UE. However lower uplink MCS causes cell spectral efficiency reduction. Low cost MTC UE with reduced transmit power cannot meet the spectral efficiency requirement.
6.5.2.4 Impact on specification
If the transmit power for MTC UE is reduced to less than 23dBm, a large number of evaluations is needed for the characteristic values in RAN4. Reduction of transmit power will impact on the RAN4 specification significantly.
6.5.3 Analysis/evaluation of cost reduction
The maximum transmit power reduction for MTC UE may reduce the cost of RF components.
---------------------------------------------End text proposal-----------------------------------------------------------
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