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1. Introduction

In RAN#45, a study item [1] was opened to investigate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA. In this contribution, we present theoretical gain analysis of both Genie open loop switched antenna and beamforming algorithms in the single path i.i.d. Rayleigh fading channel (no antenna imbalance).
2. Non Transmit Diversity Baseline Analysis

For the baseline system of one transmit antenna and dual receive antennas, under the assumption of perfect inner loop power control to achieve combined receive power target P (perfectness includes no delay, no feedback error, no quantization), the channel is instantaneously inverted by the power control. The average required transmit power is
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 indicates the channel between receive antenna [image: image5.png]


 and transmit antenna [image: image7.png]
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 represents the expectation of random variable [image: image11.png]
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 have an i.i.d. distribution of complex Gaussian with zero mean and variance 0.5 per complex dimension. The distribution of the random variable [image: image14.png]|hyq]% + Ry [P



 can be found in page 62 of [2].
3. Switched Antenna 
Assume ideal channel state information at the UE side. Then the instantaneously best transmit antenna which has larger channel gain will be chosen for the transmission. Furthermore, with the assumption of perfect inner loop power control (to achieve combined receive power target P), the instantaneous transmit power is [image: image16.png]I
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 . The average transmit power needed for switched antenna scheme is
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Thus relative to the baseline, there is ideally 3 dB gain by switched antenna transmit diversity. Derivation of the probability distribution of the denominator within the expectation can be found in the appendix.
4. 
Beamforming
For the beamforming case, assuming ideal channel state information at the UE side, the optimal beamforming vector (refer to Section 8.2.3 of [2]) is the dominant eigenmode of the channel matrix  [image: image19.png]


. Assuming it is used at the UE transmitter, then the channel gain for this scheme is the dominant eigenvalue of the random matrix [image: image21.png]HH*



. Assuming the perfect inner loop power control (to achieve combined receive power target P), the average transmit power needed for beamforming scheme is
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Thus relative to the baseline, there is ideally 4.1 dB gain by beamforming transmit diversity. Derivations of the probability distribution of [image: image23.png]A3



can be found in the appendix.
5. Conclusions

In this contribution, theoretical analysis of transmit power gain in two transmit diversity schemes is conducted under some ideal assumptions. The gains computed here serve as a reference for the design of practical transmit diversity schemes. 

6. Appendix

For the switched antenna case, define two random variables [image: image25.png]


 . They are independent and identically distributed with pdf [image: image27.png]


. The distribution of the random variable [image: image29.png]max(X,,X,)



 can be further derived based on the well known formula for maximum of two independent random variables in [3].
For the beamforming case, the joint distribution of ordered eigenvalues of the Wishart matrix [image: image31.png]HH*



 is [4] 
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Taking the marginal distribution of [image: image34.png]


, we arrive at the distribution of [image: image36.png]A3



.
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