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1.
Introduction

The study item was created at RAN Plenary #45 to evaluate the performance on the UL Tx Diversity for HSPA that does not require any newly standardized dynamic feedback signalling between the network and UE [1]. This contribution presents the benefit of battery power savings due to the Transmit power reduction from uplink Beam-Forming Transmit Diversity (BFTD).
Two user TX power profiles (CDG35-voice and HSUPA-data [2, 3]) are used in the battery power saving analysis.  In addition, we present the analysis of battery power savings for BFTD, based on two PA architectures: (1) one full power PA and one ½-power PA, and (2) dual ½-power PAs. The characteristics of full power PA and ½-power PA used in the analysis are also described. The battery power savings for the two architectures are quite close.  Considering PA power consumptions only, the power saving for the average data users are on the range of 15% to 52% for the BFTD diversity gain of 1 dB to 3 dB.
Our analysis also covers the case of including the whole UE circuit power consumption to reflect the real “battery” power savings.  The battery power savings for the average data users are then diluted to the range of 8% to 27% for the BFTD diversity gain of 1 to 3 dB.
2.
Battery power savings analysis for BFTD
UE with uplink BFTD uses multiple antennas and multiple power amplifiers. However, the PA used in the UE with BFTD does not need the same maximum power rating as the PA used in a regular (single-antenna) UE. In order to saving the power consumption from multiple power amplifiers, we need to consider using the higher efficiency power amplifiers those are possible with their maximum power rating reduced.
Figure 1 and 2 show characteristic of a typical full power with the efficiency ranges from ~0% to 42% at the PA transmit power varies from -30 dBm to 29 dBm (for Class 3 UE) and half power PA with the efficiency ranges from ~0% to 43% at the PA transmit power varies from -30 dBm to 26 dBm.  The maximum power rating of half power PA is 3 dB lower than that of a full power PA. Note that the half power PA operates more efficiently than full power PA at the same output level. These full and half power PA efficiency were used in the analysis.
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Figure 1 – Full Power PA PAE curve
[image: image2.emf]0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

45.00%

-50 -40 -30 -20 -10 0 10 20 30

PAE

Tx Power (dBm)

Half Power PA Efficiency

Half Power PA


Figure 2 -- Half Power PA PAE Curve

We analyzed the battery power saving based on the following two BFTD architectures. One (Figure 3) uses a full PA and a ½ power PA. The other (Figure 4) uses two ½ power PAs. While the BFTD UE with two ½ power PAs can operate more efficiently, the BFTD UE with a full power PA ( and a ½ power PA) are capable of  working like a regularly UE in the case the BFTD is turned off. 
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Figure 3 - BFTD with Full/Half Power Amplifier
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Figure 4 - BFTD with Dual Half Power Amplifier

Two user TX power profiles are also used in the analysis.  Figure 5 shows the CDG35 profile, which represents UE TX power profile for the suburban users in voice calls [2]. The TX power profiles for the data users (HSUPA) are shown in Figure 6.
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Figure 5: PDF of transmit power for CDG suburban profile (Mean = 10.6 dBm, Standard Deviation = 15.6 dBm)
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Figure 6: PDF of transmit power for HSUPA Stationary Full-Buffer traffic model
3.
Analysis results of battery power savings from BFTD
The battery power savings was computed for an average transmit power reduction of 1 dB, 2 dB and 3 dB as observed in the system evaluation of ULTD.

The battery savings was computed with the following assumptions:

· A conventional UE (no Tx DIV) uses one full power PA, with efficiency of 37.5% at max power =28 dBm, and quiescent current of 28 mA 

· A half-power-PA has efficiency of 38.4% at max power = 25 dBm, and quiescent current of 20 mA

· UE’s other circuitry (i.e. baseband, transceiver, display average up to 590mW, not including the PA). Note that a 20% duty cycle usage pattern is assumed for a high-resolution 750mW display, while the baseband + Transceiver circuitry is assumed to be 440mW.
· BFTD will be used for Pout > 0dBm (as measured at the antenna port of a conventional UE)

Table 1 summarizes the average PA power consumption, due to a reduction in UE transmit power (1dB, 2dB and 3dB) for both the CDG35 and HSUPA users transmit power profiles. 
Table 1 - Average savings of PA power consumption due to BFTD computed without external components
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Including the power consumption from the external (to PA) circuits of a UE in the calculation, Table 2 summarizes the average battery power savings of the UE, due to a reduction in UE transmit power (1dB, 2dB and 3dB) for both the CDG35 and HSUPA user transmit power profiles.
Table 2 - Average battery power savings due to BFTD computed with external components
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4.
Conclusions
We analyzed the PA power consumption and the battery power saving (includes the whole UE circuits) due to transmit power reduction from BFTD.  We covered two potential BFTD implementation architectures. 

For the average (HSUPA) data users, the analysis results show significant battery power savings from 13.9% to 26.9% with UE transmit power reduction due to BFTD gain from 1dB to 3dB when dual ½ power PAs are used for BFTD UE.  

In the case of one full power PA and one ½ power PA used for the UE, the battery power savings are in the range of 8% to 25% for the BFTD gains of 1 to 3 dB, correspondingly.

The improvement percentages of the PA power consumption savings are double of that of the battery power savings.
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