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1. Introduction
In RAN1#67 meeting, reduction of transmit power was agreed to be a potential technique which may bring significant cost savings. This contribution gives further analysis on transmit power reduction including analysis of cost reduction and performance degradation. Text proposal for TR 36.888 is given at the end of the contribution.
2. Discussion
2.1. Cost analysis

According to the cost breakdown of reference LTE modem agreed in [1],  the cost of power amplifier is 25-30% of the RF cost while the RF cost is 40% of the overall LTE modem cost. That is to say, the cost of power amplifier accounts for 10-12% of the overall LTE modem cost. 
The maximum transmit power of normal LTE UEs is 23dBm. Based on our investigation, if the maximum transmit power is reduced to 10dBm, the cost of PA can be reduced by about 50%, i.e, 5-6% of the reference LTE modem cost. Furthermore, if the PA is removed, 10-12% cost saving can be achieved and the maximum transmit power reduces to about 0dBm.

Observation 1: Reduction of transmit power can achieve 5-12% cost saving if the maximum transmit power is reduced to 10-0dBm.

2.2. Coverage analysis

The MCL calculation for normal LTE agreed in [2] shows that the coverage is uplink limited. If the maximum transmit power is reduced to 10dBm or 0dBm, the MCL for the uplink channels will be further reduced by 13dB or 23dB leading to significant coverage loss. Based on MCL calculation for FDD in [2] and for TDD in [3], the link budget for FDD and TDD with maximum transmit power equal to 23/10/0dBm are given below in Table 1 and Table 2 respectively. Note that only PRACH and PUSCH which have minimum MCL are considered. 
Table 1: Link budget for FDD LTE
	Carrier frequency(MHz)
	900

	BS antenna heights (m)
	35

	UE antenna height(m)
	1.5

	Transmitter

	(2) Tx antenna gain(dBi)
	0

	(3) Cable, connector, combiner, body losses, etc(dB)
	0

	Receiver

	(4) Rx antenna gain(dBi)
	18

	Number of Rx antennas
	2

	(5) Cable, connector, combiner, body losses, etc(dB)
	1

	Path loss

	Log-normal shadow fading standard deviation(dB)
	8

	Propagation model used
	COST231-Hata

	(6) Penetration loss(dB)
	20

	(7) Log-normal shadow fading margin(dB)
	5.4

	Physical channel name
	PRACH
	PUSCH

	Max Tx power  (dBm)
	23
	10
	0
	23
	10
	0

	(1) MCL (dB)
	141.7
	128.7
	118.7
	[140.7]
	[127.7]
	[117.7]

	(8) Maximum allowable path loss=(1)+(2)-(3)+(4) –(5)-(6)-(7) (dB)
	133.3
	120.3
	110.3
	[132.3]
	[119.3]
	[109.3]

	(9) Cell radius(km)
	1.722
	0.728
	0.376
	[1.612]
	[0.682]
	[0.352]


Table 2: Link budget for TDD LTE
	Carrier frequency(MHz)
	2600

	BS antenna heights (m)
	35

	UE antenna height(m)
	1.5

	Transmitter

	(2) Tx antenna gain(dBi)
	0

	(3) Cable, connector, combiner, body losses, etc(dB)
	0

	Receiver

	(4) Rx antenna gain(dBi)
	15

	Number of Rx antennas
	8

	(5) Cable, connector, combiner, body losses, etc(dB)
	1

	Path loss

	Log-normal shadow fading standard deviation(dB)
	8

	Propagation model used
	COST231-Hata

	(6) Penetration loss(dB)
	20

	(7) Log-normal shadow fading margin(dB)
	5.4

	Physical channel name
	PRACH
	PUSCH

	Max Tx power  (dBm)
	23
	10
	0
	23
	10
	0

	(1) MCL (dB)
	145.09
	132.09
	122.09
	139.42
	126.42
	116.42

	(8) Maximum allowable path loss=(1)+(2)-(3)+(4) –(5)-(6)-(7) (dB)
	133.69
	120.69
	110.69
	128.02
	115.02
	105.02

	(9) Cell radius(km)
	0.630
	0.266
	0.137
	0.433
	0.183
	0.094


Considering that the performance of PUSCH can be improved using lower MCS, the PRACH can be deemed as the channel with minimum MCL. The cell radius determined by PRACH with different maximum transmit power is illustrated as follows.
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Figure 1: FDD LTE coverage comparion with different transmit power
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Figure 2: TDD LTE coverage comparion with different transmit power
It is observed that the cell radius reduces 57.7%/78.2% if the maximum transmit power is reduced to 10-0 dBm. 

Observation 2: The LTE cell radius shrinks significantly if the maximum transmit power is reduced to 10-0 dBm.

2.3. Cell spectral efficiency analysis

The cell spectral efficiency will be decreased if the transmit power is reduced. The system-level simulation results of spectral efficiency is shown in Table 3 and Table 4.
Table 3: Cell spectral efficiency for TDD LTE
	Max Tx power
	Cell spectral  efficiency 
(bit/s/Hz/cell)
	Performance degradation percentage



	23dBm
	1.725
	--

	10dBm
	1.395
	19.11%

	0dBm
	0.705
	59.14%


Table 4: Cell-edge user spectral efficiency for TDD LTE
	Max Tx power
	Cell-edge user spectral efficiency
 (bit/s/Hz/user)
	Performance degradation percentage

	23dBm
	0.0417
	--

	10dBm
	0.0063
	84.86%

	0dBm
	0.0010
	97.59%


It can be seen that the cell spectral efficiency decreases about 19.11%/59.14% and cell-edge user spectral efficiency decreases about 84.86%/97.59% respectively if the maximum transmit power is reduced from 23dBm to 10dBm/ 0dBm.
Observation 3: The LTE cell spectral efficiency degrades significantly if the maximum transmit power is reduced to 10-0 dBm.
3. Conclusion

In this contribution, we analyze the cost reduction and performance degradation with reduction of transmit power. We have the following observations:

Observation 1: Reduction of transmit power can achieve 5-12% cost saving if the maximum transmit power is reduced to 10-0dBm.

Observation 2: The LTE cell radius shrinks significantly if the maximum transmit power is reduced to 10-0 dBm.

Observation 3: The LTE cell spectral efficiency degrades significantly if the maximum transmit power is reduced to 10-0 dBm.
Based on these observations, we have the following proposal:
Proposal: Reduction of transmit power is not recommended for low cost MTC UEs.
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6.5 
Reduction of transmit power

6.5.1
Description

The maximum transmit power is 23dBm for normal LTE UEs. Reducing the UE maximum transmit power may reduce the cost of power amplifier. However, the coverage and spectral efficiency will be degraded.
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
The coverage of LTE with reduced maximum transmit power is much worse than legacy LTE as shown in the Figures 6.5.1.1 and 6.5.1.2. It is observed that the cell radius reduces 57.7%/78.2% if the maximum transmit power is reduced to 10-0 dBm. It is difficult to have the same coverage for “normal LTE UEs” and low-cost MTC UEs, if the maximum transmit power is significantly reduced for low-cost MTC UEs.
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Figure 6.5.1.1: LTE FDD coverage comparison with different transmit power
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Figure 6.5.1.2: LTE TDD coverage comparison with different transmit power
6.5.2.2
Power consumption
Reduction of transmit power in general reduces the power consumption as long as it does not require a larger number of TTIs for transmission . However, since the transmit power reduction leads to worse demodulation performance for uplink channels, it is expected that a larger number of TTIs is required for transmission.
6.5.2.3
Impact on specification
Reduction of transmit power will have impact on the RAN4 related specifications, e.g. on UE power class and demodulation requirements and testings.
Since reduction of transmit power degrades the coverage, techniques for compensating the coverage loss may be introduced which have potential specification impact.
6.5.2.4
Cell spectral efficiency

Reduction of transmit power impacts the UL cell spectral efficiency. It is observed that the cell spectral efficiency decreases about 19.11%/59.14% and the cell-edge user spectral efficiency decreases about 84.86%/97.59% for LTE TDD when the maximum transmit power is reduced from 23dBm to 10dBm/ 0dBm with the assumptions in [5].
6.5.3
Analysis/evaluation of cost reduction 

The cost saving estimation is shown in the Table 6.5.3.
Table 6.5.3: Cost saving estimation for reduction of transmit power
	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended 
(for Evaluation)
	Reduction of transmit power

(relative saving, Max Tx power=10dBm)
	Reduction of transmit power

(relative saving, Max Tx power=0dBm without PA)

	RF

	Power amplifier
	25%-30%
	50%
	100%

	Filters
	5%-10%
	NA
	NA

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

	Duplexer /Switch
	15%-25%
	NA
	NA

	Other
	0%-10%
	NA
	NA

	Total of RF
	95%-110%
	12.5-15%
	25-30%

	Baseband

	ADC / DAC 
	10%
	NA
	NA

	FFT/IFFT
	5%
	NA
	NA

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

	Receiver processing block
	20%-35%
	NA
	NA

	Turbo decoding
	5%-15%
	NA
	NA

	HARQ  buffer
	10%-15%
	NA
	NA

	DL control processing & decoder
	5%
	NA
	NA

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

	UL processing block
	5%-10%
	NA
	NA

	MIMO specific processing blocks
	5%-15%
	NA
	NA

	Other
	0%
	NA
	NA

	Total of Baseband
	90%-110%
	NA
	NA

	Overall relative cost savings
	
	5-6%
	10-12%
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