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1
Introduction
In this contribution, based on the discussion in [1], we provide a text proposal to capture the analysis on UE battery power and heat savings due to ULTD. In particular, the text proposal is based on the expected transmit power reduction observed for SATD.
2
Text Proposal

*************************************** TEXT START ************************************
Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The present document is intended to capture RAN1 and RAN4 findings produced in the context of the study item “Uplink Transmit Diversity for HSPA” [2]. The study is focussed on schemes that do not require any newly standardised dynamic feedback signalling between network and UE. The uplink transmit diversity schemes maybe categorized into two types of algorithms:

-
transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or 

-
simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)

The scope is understood to be limited to schemes which also do not require any semi-static mode configuration signalling for demodulation. The possibility of semi-static disabling of a transmit diversity scheme is not precluded.

The work under this study item aims at:

-
evaluating the potential benefits of the indicated UL Tx diversity techniques. 

-
investigating the impacts on the UE implementation.

-
investigating how to ensure that the UE operating an uplink Tx diversity will not cause any detrimental effects to overall system performance.

-
investigating the impacts of Tx diversity on existing BS and UE RF and demodulation performance requirements, and 

-
analyzing how to derive any additional performance/test requirements that are deemed needed as an outcome of the study, as well as understanding the impacts of any such new requirements
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [x] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [x].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

*************************************** TEXT END ************************************
*************************************** TEXT OMITTED ************************************
***************************************TEXT START**********************************
11
Analysis of UE Battery Life and Heat Reduction Savings due to ULTD
11.1
Switched Antenna Transmit Diversity

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 [69]. 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 x1 shows a characteristic of PA efficiency 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 UE transmit power of 24 dBm results in an output power of 630mW and 945mW is wasted which is transformed into heat.
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Figure x1: PA Efficiency with Dynamic Voltage Scaling [69]

In the analysis performed here, an average PA current consumption was computed using the PA efficiency characteristic in Figure x1, and a probability distribution of UE transmit power based on the following power profiles

· a typical user transmit power profile derived in [70] and plotted in Figure x2. 

· a power profile captured from a live network with a Rel-6 UE transmitting full buffer traffic (Figure x3).

The battery savings (Figure x4) and heat reduction (Figure x5) 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 ULTD. For switched antenna transmit diversity, the insertion loss of the Tx antenna switch is assumed to be 0.5dB. Technological trends indicate the switch insertion loss may be reduced down to around 0.3 dB 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).

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)
In other words, the baseline did not include power consumed by other parts of the phone (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 x2: PDF of transmit power for CDG suburban profile (Mean = 10.6 dBm, Standard Deviation = 15.6 dBm)
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Figure x3: PDF of transmit power for HSUPA Stationary Full-Buffer traffic model

As seen in Figure x4, the battery savings range from 6% to 19% in the medium to high transmit power range (> 15 dBm) and from (~0% to 6%) when the transmit power ranges from 0dBm to 15 dBm.
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Figure x4: Battery Power Savings due to Transmit Power Reduction achieved by SATD, 0.5 dB Antenna Switch Insertion Loss 

As seen in Figure x5, the PA heat reduction (measured in dB) can be as high as 0.8 dB to 1.20 dB when the UE transmits at close to maximum transmit power. (>20 dBm).
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Figure x5:  Heat Reduction due to Transmit Power Reduction achieved by SATD, 0.5 dB Antenna Switch Insertion Loss

Table x1 summarizes the average battery power savings and the average heat reductions observed due to a reduction in UE transmit power (0.5dB, 1dB and 1.5dB) for both the CDG35 and HSUPA Data transmit power profiles.

Table x1: Average Battery Savings and Average Heat Reduction due to SATD with 0.5 dB Antenna Switch Insertion Loss

	ULTD Tx Power Gain (dB)
	Avg Battery Saving
	Avg Heat Reduction

	
	CDG35
	HSUPA Data
	CDG35
	HSUPA Data

	1.5
	1.86%
	5.60%
	0.25 dB
	0.48 dB

	1
	0.98%
	2.95%
	0.13 dB
	0.25 dB

	0.5
	0†
	0†
	0†
	0†


† The zero battery or heat improvement is due to the 0,5dB antenna switch insertion loss which may be further reduced to 0.3dB as newly improved switch components become available.
11.2
Beamforming Transmit Diversity
Provide an analysis on UE battery life and Heat Reduction Savings due to BFTD

*************************************** TEXT END ******************************************
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