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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 propose a reference UE transmitter algorithm for the beamforming transmit diversity case, that will be used in the evaluation of open loop transmit diversity in [2],[3].
2. Reference UE Transmitter for Uplink Beamforming Transmit Diversity
In the most general terms, as shown in Figure 1, transmit beamforming refers to splitting the incoming signal into two streams with different amplitudes, with a phase shift (relative to the first steam) applied to the second stream.
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Figure 1: Transmit Beamforming
Figures 2 illustrates a form of uplink transmit beamforming. This scheme requires 2 power amplifiers (PAs) and two transmit antennas. In Figure 2, the output of an existing legacy transmit chain is connected to a transmit beamformer, whose outputs connect to the transmit antenna ports via the corresponding PA/Duplexer.
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Figure 2: Transmit Beamforming: One transmit chain, Two PAs, Two transmit antennas

Figure 3 illustrates a high level block diagram between a beamforming transmit diversity UE and the NodeB.
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Figure 3: Block Diagram of Open Loop Beam forming Transmit Diversity
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= lth path of the propagation channel from transmit antenna j to receive antenna i in time slot k of a radio frame.
Define the set of 2x2 channel matrices as
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We define the reference UE transmitter algorithm for open loop uplink beamforming transmit diversity as follows:

· Every time slot (0.667 ms) k,  the reference UE transmitter applies an weight vector 
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to the   transmit antennas such that 
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is maximized
· The weight vector has quantized amplitude and phase. We propose that 1bit quantization of the amplitude and 3bit quantization of the phase be employed. This would afford enough granularities to obtain most of the gains. It is considered that additional granularity would only yield diminishing returns. See [4].

With regard to the NodeB receiver, we propose that the NodeB receiver is unaware that the UE is in open loop beamforming transmit diversity mode i.e. no changes are made to the NodeB receiver processing (synchronization, channel estimation, demodulation, decoding) to accommodate UEs in this mode.
 The above combination of UE transmitter algorithm and NodeB receiver serves as a reference against which practical open loop beamforming transmit diversity UEs can be compared against. It is further proposed that companies investigate algorithms to implement practical open loop beamforming transmit diversity under the following constraints:
· UE has no direct knowledge of the channel impulse response of the different transmit receive antenna pairs

· Uplink Transmit Power Control Bit Error Rate (sent on F-DPCH) = 4%

3. Conclusions

For the purpose of link and system evaluation of Open Loop Beamforming Transmit Diversity, we propose the following:

Proposal 1: Evaluate the performance of the reference UE transmitter algorithm presented in Section 2. Companies are encouraged to investigate algorithms to implement practical open loop beamforming transmit diversity under the constraints discussed in Section 2.
Proposal 2: Assume a practical NodeB receiver that is unaware of the fact that the UE is in open loop beamforming antenna transmit diversity mode. 
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