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1 Introduction

The work within the study item on ‘Uplink Tx Diversity for HSPA’ has been completed from a RAN1 perspective and will now continue in RAN4 where further studies are needed in a number of areas. As a contribution to the discussion regarding the potential benefits of the feature, this document 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.

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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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.

3 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.
4 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.
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Annex A: Simulation Assumptions

Table 1 summarizes the simulation parameters assumed when collecting the UE transmit power statistics. These comply with the simulations assumptions that has been used in RAN1 during their evaluation of uplink transmit diversity.

Table 1: Summary of simulation assumptions used when collecting the UE transmit power statistics. 

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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	Channel Model
	PA3, VA30

	Penetration loss [dB]
	10

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	βec/ βc 
	15/15

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.25, 0.5, 1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	Channel Estimation
	Realistic

	UL TPC Generation
	Based on 1 slot received signal energy of the intended UE.

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 

Long term antenna imbalance [dB]
(Note 1)
Short-term antenna imbalance [dB] 
(Note 2)
	4
	UL TPC Error Rate [%] 

	
	0
	Long term antenna imbalance [dB]
(Note 1)

	
	Gaussian distribution with 

µ = 0

σ = 2.25


	Short-term antenna imbalance [dB] 
(Note 2)


Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.

Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

Annex B: Description of the practical switched antenna transmit diversity algorithm
The practical switched antenna transmit diversity algorithm used is described in [1] and repeated below for the convenience of the reader.

The practical algorithm can be summarized by the following steps:
1.
Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2.
At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3.
If the same transmit antenna has been used for X consecutive frames the UE automatically switches antenna. Note that the UE accumulates TPC commands continuously as long as a switch does not occur.

4.
Every time an antenna switch occurs the accumulated TPC sum is reset to 0

A suitable setting for X equals 14 radio frames. In the case a UE is in SHO the combined TPC is considered in the algorithm.
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� In our view typical insertion losses will range from 0.3 to 0.8 dB.
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