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Introduction

This contribution is a TP to TR25.863 based on an evaluation of UE battery consumption when using switched antenna diversity.system evaluation presented in R4-102163. It is proposed that the following text be updated in TR25.863.
2

Text Proposal
-------------------------------------------- Start of altered section  ------------------------------------------
11.1 Switched antenna diversity

11.1.1 Introduction

This section quantifies the battery savings that can be achieved by means of uplink transmit diversity.  In particular switched antenna diversity (SATD) has been studied.

It should be noted that we in the contribution only account for the battery consumptions related to the PA, i.e. the battery consumption related to the screen, keyboard or other parts of the UE has not been considered.

11.1.2 Method

When computing the PA-related battery savings due to SATD we have used the following methodology:

· We use a PA efficiency curve (for the FAN5902 power management solution[2]; see Figure 1) and a probability density function of the UE transmit power as input parameters. The PA efficiency curve has previously been used in [1]. The probability distribution function of the UE transmit power (at the input to the antenna(s)) has been collected via system simulations and it is dependendent on the specific scenario (intersite distance, channel type, uplink transmit diversity algorithm, etc).

· Based on the PA efficiency curve, we compute the power that is consumed by the PA and the switch given a certain transmit power; see Figure 3. This relationship can be expressed as 
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where 
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 is the insertion loss associated with the switch, 
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 is the PA efficiency, 
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the UE transmit power. 

· Given the probability density function of the UE transmit power the expected power consumption (before the switch) can be computed. For the sake of clarity we highlight that this computation is performed in linear domain. 

Using the above described 3-step approach the expected power consumed by the different algorithms for different loads and channel types can be readily obtained. All the results are presented as a function of the insertion loss due to the switch.
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Figure 1: PA efficiency as a function of the output transmit power. 
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Figure 3: Illustration of the used notations.

11.1.2 Results

This section presents the UE battery savings related to the switched transmit antenna diversity. The probability density functions of the UE transmit power have been collected via full buffer system simulations. Throughout these simulations a noise rise threshold of 8 dB has been assumed and no additional demodulation error due to antenna switching has been accounted for.  The simulation parameters used when collecting the UE transmit power statistics are shown in the Appendix A and we note that these comply with the parameters agreed in RAN1. 

Figure 4 shows the relative power saving associated with the practical switched antenna diversity algorithm as a function of the insertion loss. From the figure one can observe that employing the algorithm saves power in situations where the switch does not have any insertion loss. However, when the insertion loss for the switch is accounted for it is clear that switched antenna diversity in general will consume more power (as compared to the baseline case without switched antenna diversity).
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Figure 4: The relative power saving when using switched antenna diversity as a function of the insertion loss in a PA3 channel.  Note that a negative power saving corresponds in an increased power consumption as compared to the baseline case without transmit diversity.

Figure 5 shows the relative power saving associated with the practical switched antenna diversity algorithm for a VA30 channel. From the figure it can be observed that switched transmit antenna diversity will result in that the UE consumes more power (as compared to the reference case without transmit diversity) if the insertion loss exceeds 0.2 dB. For insertion losses in the range of 0.3 to 0.8 dB, which in our view represent typical values, the relative increase in battery consumption will amount to between 2.5 and 17.5%.
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Figure 5: The relative power saving by using switched antenna diversity as a function of the insertion loss in a VA30 channel. Note that a negative power saving corresponds in an increased power consumption as compared to the baseline case without transmit diversity.

11.1.3 Conclusions
This contribution has evaluated the potential UE battery savings associated with switched transmit antenna diversity. The evaluation was performed under on the following assumptions:

•
Switched antenna diversity will not result in any additional demodulation losses

•
The long-term antenna imbalance of the second is 0 dB

•
Ideal path searcher 

In our view, the presented results should thus be viewed as an optimistic bound on the battery savings that one could achieve.

Even with these assumptions it was shown that switched transmit antenna diversity algorithms in general will consume more power if one accounts for the insertion loss, which typically will be between 0.3 and 0.8 dB.
-------------------------------------------- End of altered section  ------------------------------------------
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� In our view typical insertion losses will range from 0.3 to 0.8 dB.





[image: image10.wmf]eff

h

_1333810560.unknown

_1333810598.unknown

_1333810613.unknown

_1333811811.unknown

_1333810579.unknown

_1333810538.unknown

