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1
Introduction
In this contribution, we provide an analysis on UE battery power and heat savings due to ULTD. In particular we perform the analysis based on the expected transmit power reduction observed for both SATD and BFTD.
2
UE Battery Power and Heat Savings Analysis
2.1
Analysis Assumptions
The WCDMA/UMTS PA is the largest source of power consumption in a 3G phone because it can drain up to 650 mA rms in poor channel conditions which can discharge a Li-Ion battery in less than two hours [1]. One of the key challenges is to achieve a high PA efficiency, at maximum transmit power while preventing a drop in efficiency as the transmit power level decreases. 

Figure 1 shows the efficiency characteristic of a PA with dynamic voltage scaling used in the analysis. As seen in the Figure, the efficiency ranges from ~0% to 40% as the UE transmit power varies from -8 dBm to 24 dBm. A 40% efficiency at a PA transmit power of 24 dBm results in an output power of 630mW and 945mW is wasted which is transformed into heat. Figure 2 and Figure 3 show the efficiency characteristic of a full-power PA and a half-power PA with 3 gain states respectively [4]. For SATD, one full-power PA will be assumed and for BFTD, one full-power PA for the primary transmit chain and one half-power PA for the secondary transmit chain will be assumed.
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Figure 1: PA Efficiency with Dynamic Voltage Scaling  [1]
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Figure 2: Full-Power PA Efficiency with 3 Gain States [4]
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Figure 3: Half-Power PA Efficiency with 3 Gain States [4]
In the analysis performed here, an average PA current consumption was computed using the PA efficiency characteristic in Figure 1, Figure 2 and Figure 3, and a probability distribution of UE transmit power based on the following power profiles

· A typical user transmit power profile derived in [2] and plotted in Figure 4. 

· A power profile captured from a live network with a Rel-6 UE transmitting full buffer traffic (Figure 5).
The battery savings was computed relative to the baseline where power consumption due to the modem subsystems of the UE was accounted for:

· Baseband processing

· RF processing on both transmit and receiver paths 

· PA operation using dynamic voltage scaling (DVS) or average power tracking (APT)
Note that the analysis does not include all the power consumptions in the phone, e.g., the display panel etc. The reduction in heat was computed specifically for the power amplifier alone and did not account for the heat dissipated in other parts of the phone.
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Figure 4: PDF of transmit power for CDG suburban profile (Mean = 10.6 dBm, Standard Deviation = 15.6 dBm)
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Figure 5: PDF of transmit power for HSUPA Stationary Full-Buffer traffic model

2.2
Switched Antenna Transmit Diversity

For switched-antenna transmit diversity, the battery savings (Figure 6 and Figure 7) and heat reduction (Figure 8 and Figure 9) was computed for an average transmit power reduction of 0.5 dB, 1 dB and 1.5 dB as observed in the system evaluation of SATD. The insertion loss of the Tx antenna switch is assumed to be typically 0.3dB based on the data sheet from a leading manufacturer [3]. Technological trends indicate the switch insertion loss may be further reduced as improved switch components become available in the near future. Heat reduction was measured as a dB ratio between the wasted powers (mW dissipated in the PA towards heat) for the case when there is a transmit power reduction to the baseline case (no transmit power reduction).

As seen in Figure 6, for PAs with APT the battery savings range from 8% to 22% in the medium to high transmit power range (> 15 dBm) and from (~0% to 8%) when the transmit power ranges from 0 dBm to 15 dBm.
As seen in Figure 7, for PAs with 3 gain states the battery savings range from 8% to 12% in the medium to high transmit power range (> 15 dBm) and can be as high as 40% at the region around the PA’s gain switching point.
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Figure 6: Battery Power Savings due to Transmit Power Reduction achieved by SATD with APT PA and 0.3 dB Typical Antenna Switch Insertion Loss 
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Figure 7: Battery Power Savings due to Transmit Power Reduction achieved by SATD with 3-State PA and 0.3 dB Typical Antenna Switch Insertion Loss 

As seen in Figure 8, for PAs with APT the heat reduction (measured in dB) can be as high as 1 dB to 1.40 dB when the UE transmits at close to maximum transmit power (≥20 dBm) where UE overheating usually occurs. The significant PA heat reduction at close to maximum transmit power would be highly beneficial in alleviating the thermal issues observed on many of today’s UEs.
As seen in Figure 9, for PAs with 3 gain states the heat reduction range from 0.2 dB to 0.6 dB when the UE transmits at close to maximum transmit power (≥20 dBm).
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Figure 8:  Heat Reduction due to Transmit Power Reduction achieved by SATD with APT PA and 0.3 dB Typical Antenna Switch Insertion Loss
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Figure 9:  Heat Reduction due to Transmit Power Reduction achieved by SATD with 3-State PA and 0.3 dB Typical Antenna Switch Insertion Loss
Table 1 summarizes the average battery power savings observed due to a reduction in UE transmit power by SATD (0.5dB, 1dB and 1.5dB) for both the CDG35 and HSUPA Data transmit power profiles.
Table 2 summarizes the average heat reduction at close to maximum Tx power (≥20dBm) observed due to a reduction in UE transmit power by SATD. A uniform Tx power distribution profile is used as a reasonable approximation in this high Tx power region of ≥20dBm.
Table 1: Average Battery Savings due to SATD with 0.3 dB Typical Antenna Switch Insertion Loss
	SATD Tx Power Gain (dB)
	CDG35 Profile
	HSUPA Data Profile

	
	Avg UE Current 
Consumption (mA)
	Saving of Avg Current 
due to BFTD (%)
	Avg UE Current 
Consumption (mA)
	Saving of Avg Current 
due to BFTD (%)

	
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA

	1.5
	130.80
	126.69
	3.8%
	4.4%
	222.55
	162.61
	7.7%
	7.1%

	1
	132.80
	128.94
	2.3%
	2.8%
	230.27
	167.40
	4.4%
	4.4%

	0.5
	135.01
	131.49
	0.7%
	0.8%
	237.93
	172.77
	1.3%
	1.3%

	No ULTD
	135.95
	132.59
	0.0%
	0.0%
	240.98
	175.07
	0.0%
	0.0%


Table 2: Average Heat Reduction at Close to Maximum Tx Power (≥20dBm) due to SATD with 0.3 dB Typical Antenna Switch Insertion Loss
	SATD Tx Power Gain (dB)
	Avg UE Heat (mW)
	Reduction of Avg Heat due to BFTD at Max Tx Power (dB)

	
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA

	1.5
	732.05
	575.84
	0.33
	0.98

	1
	757.02
	636.78
	0.19
	0.55

	0.5
	780.87
	697.65
	0.05
	0.15

	No ULTD
	790.06
	722.02
	0.00
	0.00


2.3
Beam Forming Transmit Diversity

For beam forming transmit diversity, the battery savings (Figure 10 and Figure 11) and heat reduction (Figure 12 and Figure 13) was computed for an average transmit power reduction of 1 dB, 2 dB and 3 dB as observed in the system evaluation of BFTD. The BFTD UE is assumes to employ a full-power PA for its primary transmit chain and a half-power PA for its diversity transmit chain. Heat reduction was measured as a dB ratio between the wasted powers (mW dissipated in the PA towards heat) for the case when there is a transmit power reduction to the baseline case (no transmit power reduction).

As seen in Figure 10, for PAs with APT the battery savings range from 5% to 42% in the medium to high transmit power range (> 15 dBm) and from (~0% to 5%) when the transmit power ranges from 0 dBm to 15 dBm.
As seen in Figure 11, for PAs with 3 gain states the battery savings range from 3% to 11% in the medium to high transmit power range (> 18 dBm) and can be as high as 40% at the region around the PA’s gain switching point.
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Figure 10: Battery Power Savings due to Transmit Power Reduction achieved by BFTD with a Full-Power APT PA and a Half-Power APT PA
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Figure 11: Battery Power Savings due to Transmit Power Reduction achieved by BFTD with a Full-Power 3-State PA and a Half-Power 3-State PA 
As seen in Figure 12, for PAs with APT the heat reduction (measured in dB) can be as high as 1.7 dB to 2.5 dB when the UE transmits at close to maximum transmit power (≥20 dBm) where UE overheating usually occurs. The significant PA heat reduction at close to maximum transmit power would be highly beneficial in alleviating the thermal issues observed on many of today’s UEs.
As seen in Figure 13, for PAs with 3 gain states the heat reduction range from -0.4 dB to 0 dB when the UE transmits at close to maximum transmit power (≥20 dBm). 
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Figure 12:  Heat Reduction due to Transmit Power Reduction achieved by BFTD with a Full-Power APT PA and a Half-Power APT PA
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Figure 13:  Heat Reduction due to Transmit Power Reduction achieved by BFTD with a Full-Power 3-State PA and a Half-Power 3-State PA
Table 3 summarizes the average battery power savings observed due to a reduction in UE transmit power by BFTD (1dB, 2dB and 3dB) for both the CDG35 and HSUPA Data transmit power profiles.
Table 4 summarizes the average heat reduction at close to maximum Tx power (≥20dBm) observed due to a reduction in UE transmit power by BFTD. A uniform distribution profile is used as a reasonable approximation in this high Tx power region of ≥20dBm.
Table 3: Average Battery Savings due to BFTD

	BFTD Tx Power Gain (dB)
	CDG35 Profile
	HSUPA Data Profile

	
	Avg UE Current 
Consumption (mA)
	Saving of Avg Current 
due to BFTD (%)
	Avg UE Current 
Consumption (mA)
	Saving of Avg Current 
due to BFTD (%)

	
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA

	3
	132.89
	125.79
	2.3%
	5.1%
	170.68
	160.14
	29.2%
	8.5%

	2
	136.36
	128.94
	-0.3%
	2.8%
	196.30
	167.46
	18.5%
	4.3%

	1
	140.29
	132.85
	-3.2%
	-0.2%
	226.61
	176.31
	6.0%
	-0.7%

	No ULTD
	135.95
	132.59
	0.0%
	0.0%
	240.98
	175.07
	0.0%
	0.0%


Table 4: Average Heat Reduction at Close to Maximum Tx power (≥20dBm) due to BFTD 
	BFTD Tx Power Gain (dB)
	Avg UE Heat (mW)
	Reduction of Avg Heat 
due to BFTD at Max Tx Power (dB)

	
	Tri-State PA
	APT PA
	Tri-State PA
	APT PA

	3
	847.19
	438.00
	-0.08
	2.96

	2
	909.09
	529.89
	-0.38
	2.13

	1
	980.26
	651.51
	-0.71
	1.24

	No ULTD
	832.50
	866.24
	0.00
	0.00


3
Conclusions
In this document, we have analyzed UE battery power and heat savings due to ULTD. It is proposed that the content of this document is captured as a text proposal to 25.863 TR on UL Transmit Diversity.
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